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In LandCruiser Country, you'll be thanking your lucky Stars you're in the technology-packed 
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ишене Е or phobias belongs to an acquaintance 
سا‎ amp called Julia (not her real name). Julia is 
in her early-30s, and what you'd call a 
high-achiever: uni graduate with first-class 
honours, big-digit job in banking, climbs 
various mountains around the world in 
her spare time. But as a person, Julia is 
ү only really defined by one thing: her fear 
of spiders. Her every waking minute is 
devoted to avoiding them. 
Pa Her nightly, pre-sleep routine goes 
something like this — wherever she happens 
to be. Check under bed, inside cupboards, 
beneath rugs and behind shelves for 
arachnids. Then seal doors and windows, 
and any cracks or holes, with heavy- 
duty tape. The whole episode takes 
at least an hour. Only then, once 
she's sure the room is spider-free, 
can Julia sleep. The kicker? She 
spends most of her time in the 
UK, where the spiders are as 
dangerous as teddy bears. 
Julia's example is extreme, but 
it shows how fears — if given free 
rein — can dominate our lives. If 
we're honest, everyone is scared 
of something. (Me? Elevators). So 
hopefully, our cover story and its 
phobia-busting tricks, can improve 
your life in some way, no matter how 
big or small your fear is. Rest assured, 
РИ Бе sending Julia a copy. 
Vince Jackson, Editor 
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Medicine hunter Chris Kilham 
travels the globe looking for 
natural remedies that could 
save lives. It's a job that can 
place his own life in danger... 


a “Oh, dragon’s blood,” says Chris Kilham, 

nodding in recognition. “The natives call it 
‘sangre de drago’. It’s been used for ages to treat 
just about anything bad that happens to skin: bites, 
burns, sores, rashes, you name it.” This viscous, 
deep-red liquid with a mystical moniker is resin 
from the dragon’s blood tree that grows in the 
Amazonian rainforest. Here, near the Peruvian city 
of Iquitos, is a place the locals call Witches’ Alley. 

You won’t find any crisp white lab coats here, 
and the substances on sale don’t come with dosage 
information or warnings about possible side effects. 
But somewhere on these rickety shelves might just 
be a substance that can cure cancer, AIDS or some 
other disease that’s stumped researchers. 

Of the estimated 200,000 plant species growing 
in the Amazon, only a fraction have ever undergone 
scientific analysis, despite 25% of all the world’s 
medicines being based on these plants (more than 
half of all cancer drugs contain substances sourced 
from the jungle). Chris Kilham — founder of Medicine 
Hunter Inc. — could just be the person to uncover a 
miracle cure here, and in turn save millions of lives. 
But in order to carry out his work, the American 
ethnobiologist has to brave the most dangerous job 
in medicine. He never travels in the Amazon without 
his heavily armed bodyguards. 

“The Amazon’s pirates don’t really hurt people,” 
says Kilham. “They just slap you around, tie you up, 
then take your stuff. But that does take time.” And 
that’s precious time that, for many, could mean the 
difference between life and death. When a potential 
new medicine is discovered, the research that 
follows can mean it takes years to hit the market. 

“During that time, 300,000 people in the US will 
die from the side effects of chemically manufactured 
medicines,” says Kilham. “Plant-based drugs are 
much safer.” The medicine hunter has accomplished 
a great deal in the past 30 years: the Kava root, used 
to treat depression, is one of his many discoveries. w 


FRESH 
PHARMACEUTICALS 
Natural medicine expert 
Chris Kilham, 61, pictured 
here at La Parada market 
in the Peruvian city of Lima. 
The frogs hopping around 
this aquarium can be used 
as a restorative agent. 
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In 2004, Lindblad Expeditions and National Geographic joined forces to inspire 
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40 extraordinary destinations, touching on 7 continents and the world’s ocean. 
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experiences on exciting itineraries—including Madagascar, Morocco, Sri Lanka, 
and the Seychelles in 2015. Plus, exclusive undersea and photography programs 
make our expeditions unique in the world of travel. Explore with us and see. 


For more information visit www.expeditions.com 
call 1300 361 012 or contact your travel agent 
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eople all over the world watched in awe — 
the dramatic images were indelibly etched 
on their memories. On 14th October 2012, 
a man leaned out of the basket of his 
stratospheric balloon, floating 38 kilometres 
// | above Earth, and dared to attempt the highest, 


fastest free fall ever undertaken by a human. 
Austrian extreme sportsman Felix Baumgartner 
stad been planning this jump, down to the very last 
detail, for years — and yet he still almost failed. Not 


HOW TO BEAT YOUR 


because of faulty technology or unstable weather, 
but because of his own fear. And that fear didn't 
arise out of the staggering height that Baumgartner 
found himself at, but from a banal detail of this huge, 
multi-million dollar project. 

What bothered Baumgartner was the constricting 
interior of his suit, as the extreme skydiver suffers 
from claustrophobia. The type of suit he wore for his 
fall from space is usually only worn by fighter pilots. 
It shielded him from decompression sickness brought 
on by atmospheric pressure, but had one downside: 
his movements inside the suit were very limited. 

During final tests before Baumgartner’s big jump it 
became clear that the suit set off a destructive chain 
reaction in his body. “As soon as I folded down the 


Spiders, heights, confined spaces - we all have fears that can suddenly 


erupt, completely reprograming our bodies. So what exactly happens 


during these terror-filled moments — and can you free yourself 


from anxiety? The answer, say experts, is a resounding yes! 


visor, a nightmarish silence and loneliness set in,” 
he recalled. “It was the worst moment of my life.” 
Baumgartner’s phobia ensured that he could only 
wear the suit for a few minutes before fear took hold 
— in one very specific part of his body... 


WHERE IS FEAR FELT? 


Researchers at Finland's Aalto University discovered 
that different emotions are distributed throughout 


the human body, like points on an obscure map. 
They studied 700 subjects to see how they reacted, 
physically, to various emotions. The results were 
astonishingly consistent: we tend to feel anger 

in our head, arms and chest, while fear takes 

hold in the rib cage and abdomen. 


For Felix Baumgartner, the spacesuit not only felt 
overly tight, it was as though his ribs were being 
crushed by an invisible force. His breathing sped up; 
his heart leaped into his throat. But why does this 
reaction arise? As soon as Baumgartner feels the 
unfamiliar spacesuit against his skin for the first 
time, his brain scrambles to judge whether or not 
the situation is dangerous. It starts by sending its 
impressions to the thalamus — a kind of temporary 
storage facility that all sensory impressions pass 
through before being transmitted on to other areas 
of the brain. As the thalamus is unable to properly 
assess the unfamiliar space suit at this point, it also 
sends the sensory impressions to the amygdala — 
the brain's fear centre — as a precautionary measure. 
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WHY DO WE FREEZE WHEN IN DANGER? 


The amygdala is not renowned for its restraint: 

it tends to fire first and analyse if a frightened 
reaction was justified later. “Fear can save our lives,” 
explains psychiatrist Professor Borwin Bandelow. 
“For example, during prehistoric times, humans who 
had no fear of sabre-toothed tigers were often killed 
by them. Those who were fearful survived, and 
passed on their fear to us through their genes. 

We modern humans, then, are descended from 

the scaredy-cats of that time." According to 
Bandelow, 70% of all phobias are inherited. 

So how does the fear centre sound the alarm? The 
amygdala first activates grey matter in the midbrain 
with the help of neurotransmitters. This causes us to 
freeze in terror. "This reflex is ancient and makes lots 
of sense in evolutionary 
terms,” says Abigail Nash, 
professor of psychology at 
Georgetown University. 

" After all, any movement 
could stimulate a natural 
enemy to attack. " 

In acute situations, the 
amygdala also sounds the alarm in the 
hypothalamus, which initiates a physical change 
that has reconfigured our bodies for millennia 
and pushed our performance limits ever upwards: 
the fight-or-flight reaction. 

Thanks to the two primal instincts of fight or flight, 
we can analyse extreme situations in split seconds 
/ and decide whether to flee the danger or face it. 

бу | In the process, stress hormones flood the body 
Ni \ like а tsunami, placing every muscle fibre on full 
IAC N. alert. Breathing and heart-rate accelerate as 


AI, PRIM a feeling of panic spreads through the brain. 


> 
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"EVERY ONE OF US HAS INNATE 
PHOBIAS - BUT THEY EMERGE 
MORE SEVERELY 
IN SOME PEOPLE THAN 
IN OTHERS." 

-BOHWIN BANDELOW- 


But as soon as you recognise that the danger has 
passed, your body will decelerate its functions back 
down to their normal state — in most cases, at least. 
For people such as Felix Baumgartner, however, who 
suffer from a serious phobia, the raging panic attack 
seems to have no end. The moment they come into 
contact with the thing that their phobia is built 
around, they're overwhelmed with helplessness 
and become utterly paralysed by fear. 


WHAT SHOULD | DO WHEN FEAR PARALYSES ME? 


"Every one of us has innate phobias," says Professor 
Bandelow, "but they emerge more severely in some 
people than others. For example, all humans have 

a natural fear of heights. But as a result of our 
curiosity compulsion, we mostly overcome this fear." 

АП phobias are curable, but the key thing for those 
affected is to face their fear. 

“Tt works best when you allow 
yourself to be truly flooded 
with fear," Bandelow explains. 
"Someone terrified of dogs 
could, for example, stand 

in a cage full of dobermans. 

It would be highly unpleasant, 
but it's far more effective than incrementally 
experiencing a frightening situation." This is 
because as soon as a phobic realises that the 

object of their fear poses no danger to them, 

the brain stores this fact in the memory bank, 

and the phobia becomes less intense. 

"With specific phobias, such as the fear of snakes 
or spiders, you can liberate people from their phobias 
in the space of hours using this method," confirms 
Paul Salkovskis, a psychologist at King's College 
Hospital in London. In the case of more complex 
phobias, however, such as a fear of confined spaces > 


HOW QUICKLY CAN 
A PHOBIA ВЕ CURED? 


efore his record attempt, Felix Baumgartner sits in the 

capsule, mentally preparing himself for what’s coming 

next. Soon he will climb into his spacesuit and suffer its 

oppressive constriction. His body is fighting against this 
fact. His breathing feels strangulated. 

He’s been training for this jump for five years, and only very 
recently did he learn to control his fear completely. “We created 
situations that pushed him to the edge of panic,” explains sports 
psychologist Michael Gervais, who helped Baumgartner conquer 
his fear. “Imagine repeating that again and again over a period 
of 30 hours — by the end you can completely control your brain.” 
At that point, you're able to breathe calmly again. 

In contrast to complex fears such as claustrophobia, experts 


claim that simple phobias — such as a fear of spiders — can be 
overcome in three to five hours. “I only had to let a tarantula 
crawl along my arm once to get rid of my spider phobia,” says 
psychiatrist Borwin Bandelow. He was unexpectedly presented 
with the spider during a television show. “| had extreme fear,” 
he admits. “But after that, | never had the problem again.” 

According to Bandelow, most phobics shy away from seeking 
out help."And that's a shame, since many of them structure their 
lives around their phobia. For example, due to a fear of spiders, 
they'll stop going into the basement; because of a fear of flying, 
they take a train instead of a plane.” Completely unnecessary, 
says Bandelow. “Nobody should be forced to live with a phobia, 
because they can often be defeated very quickly.” 
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ОК EMOTIONS 


Cold feet, a shiver down the spine, an aching The participants stated where on their body they ‘felt’ 


heart... For the first time, Finnish scientists 
have found the link between these physical 
sensations and their corresponding emotions. They 
ran five studies in which test subjects were exposed 
to emotional images, voices, stories or films. 


ANGER | 
The fists clench and tension rises | 
through the upper torso, reaching 
as high as the skullcap. The test 
subjects’ anger quite literally went 
to their heads. 


| 

| 
FEAR 

Fear completely takes over the | 

entire upper body. In addition, the 
calves and arms tense up. The 
stomach starts to cramp up; a 
suffocating feeling spreads across 

the chest. Fear also strikes the 

head with moderate intensity. 


DISGUST 

We get a queasy feeling, centred in 
the stomach, that also reaches up 
from the oesophagus to the head. 
Oddly, our hands are also active 
during disgust — possibly on high 
alert in case they're required to 
defend against something foul. 


HAPPINESS 

A tingly warmth floods the entire 
body, from head to toes. Every 
centimetre of our body is 
energised with happiness. 


GRIEF 
Our chest feels constricted — it 
hurts, literally. The rest of the body 
feels empty. We lose feeling in 
our arms and legs, as if they’ve 
been numbed. 
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a particular emotion most. The scale runs from blue 
(negative activity/numbness) to black (no activity) 
right up to yellow (maximum activity). Using this data 
— which correlated in European and Asian subjects — 
the experts developed an atlas of our emotions. 
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Activity explodes in the head and We barely perceive our body and 
chest. We breathe in fitfully; for its functions when in a neutral 

a brief moment, it feels like the state. Sensations are actually 
heart has stopped. Feeling in the slightly decreased in the limbs. 


legs becomes limited. 
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| JEALOUSY | 


We experience a knotted feeling in 
the chest and abdomen. Worry is 
mainly concentrated in the torso; 
in the limbs, feeling decreases. 


The heart thumps madly and the 
stomach feels like you're riding a 
rollercoaster. The rest of the body 
experiences a warm, fuzzy feeling. 
It’s only in the feet and the calves 
that we don’t feel anything. 


Head, arms and legs are flung into 
a black hole as we lose all feeling 
in these areas. The upper body 
feels as if it’s been numbed. 


Contempt makes precise landings 
on three parts of the body: in the 
head, hands and upper part of the 
chest. As a result, feeling in the 
groin and in the legs decreases. 


The shoulders are pulled back and 
the spine is straightened. Tension 
and excitement is felt from the 
back of the hand right up to the 
head. Pride is concentrated in the 
upper torso. Below the diaphragm, 
the sensation is cut off. 


Heat spreads across the chest and 
the head, until we literally turn red. 
When feeling shame we become 
acutely aware of the upper half of 
the body. 


Jealousy is centred almost entirely 
in our skull and chest. But the 
sensation goes no further than the 
heart, and the rest of the body 
remains relatively neutral. 
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DILATION 
When we feel frightened, our 
pupils dilate in order to let in 
as much light as possible. 
This optimises our vision. 


(claustrophobia) or a fear of open spaces and crowds 
of people (agoraphobia), this process takes longer. 

“People affected by these phobias have to place 
themselves into frightening situations for one hour 
at a time, around ten times, on average, in order to 
overcome their fear,” says Bandelow. “As long as the 
person has no heart problems, nothing will happen 
to them. Of course, the symptoms of a panic attack 
are very unpleasant, but they’re all part of a normal 
fight-or-flight reaction. And they will only last a few 
minutes — and never longer than two hours.” 

That’s because after this 
period of time, the fear 
regulator in the brain 
automatically dials down. 
But only once you've 
persevered through to the 
calm phase that follows 
the fear-trip can you battle 
the phobia with positive 
memories and overcome it. 
After the panic attack, the 
parasympathetic nervous system will automatically 
dial down the fear regulator in the brain. 

"Even in the case of kidnap victims who've been 
locked in basements, their panic symptoms cease 
after a certain time, although a fear of death 
remains," says Bandelow. 

For claustrophobic Felix Baumgartner, that meant 
having to force himself to endure the oppressively 
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"POSITIVE SELF-TALK IS 
AMONG THE MOST POWERFUL OF 
MENTAL ABILITIES. USING 
THIS TECHNIQUE BOLSTEHS 
A PERSON'S FOUNDATION, 
WHICH IS BUILT ON 
SELF-CONFIDENCE. " 
-MICHAEL GERVAIS- 


constricting spacesuit again and again, for as long as 
it took his parasympathetic nervous system to kick in 
and become active. To aid him in his arduous task, 
Baumgartner mastered three calming exercises: 

1. Combat breathing: This breathing technique 
(see instructions in the panel on page 21) is deployed 
by police officers and soldiers in extreme situations. 
The exercise allows breathing to stay regulated, 
and also decreases heart rate and blood pressure. 
Experts, however, view using this technique as 
a method of treating phobias as controversial. 

2. Visualisation: Using 
this technique allows you 
to distract yourself from 
any fear by instead focusing 
on your ultimate goal. 

3. Self-talk: “Ап upbeat 
and positive internal dialogue 
is among the most powerful 
of mental abilities," says 
famed sports psychologist 
Michael Gervais, who helped 
Felix Baumgartner overcome his claustrophobia. 
"Using this technique bolsters a person's foundation, 
which is built on self-confidence.” 

The extreme sportsman ultimately overcame his 
fear of enclosed spaces, and completed his 38-kay 
free fall, landing safely back on Earth. In all, he'd 
spent five hours in his restrictive spacesuit, without 
once succumbing to a panic attack. 0 


VERTIGO 
Acrophobia — extre 
fear of heights — is 
widespread, ranging 
from those who are 
afraid of the top floor 
of a building, to 
people who become 
panicked just from 
standing on a chair. 


h 


£N IS THERE 


A PILL TO 
FIGHI FEAR? 


esearchers at Boston’s Centre for Anxiety and 

Related Disorders can assist some phobics in 

their struggle against fear using a tuberculosis 

drug. Test subjects who ingested the active 
substance D-Cycloserine immediately after confronting 
their vertigo overcame their fear more quickly. 

However, there are currently two problems with using 
the drug. Firstly, it only had an effect on participants who 
exhibited low-level fear following confrontation therapy. 
In test subjects who still had severe fears, D-Cycloserine 
actually worsened their symptoms. 

Secondly, the active ingredient is most effective if you 
take it before the confrontation. At that point, however, 
it’s unclear whether the phobia will worsen or improve. 

Study leader Stefan Hofmann is currently working on 
these issues. If he achieves a breakthrough, phobics 
could defeat their fears far more quickly in the future. 


HOW DO YOU CONQUER 
FEAR IN YOUR SLEEP? 


cientists at Northwestern University 
in Chicago have discovered a way to 
manipulate the memory of fear during 
sleep. As part of their research, they 
first programmed a strong fear of specific 
faces into the minds of 15 test subjects: 
every time that a participant saw one of 
these faces they received an electric shock, 
alongside scents such as mint and lemon. It 
wasn’t long until the olfactory trigger alone 
could produce a fear in the subjects. 
The researchers used this association in 
the sleep lab, by confronting the 15 sleeping 
participants with the trigger-smells, which 


fired signals to their brains’ fear centres. So 
what's the thinking behind this? 

“Our memories are consolidated during 
sleep," explains study leader Jay Gottfried. 
When the fear centre in the brain reacted to 
the trigger-smell, it learned, during sleep, 
that the smell was not dangerous — and the 
fear was also diminished when the smell 
was detected in a waking state. 

This method could be used to aid people 
who strongly associate their deepest fear 
with a smell, including traumatised soldiers 
who become overwhelmed with terror when 
they smell gunpowder. 


ADRENALINE 

The stress hormone 
(right) floods the body 
when we're scared, 
resulting in the 
muscles pulling 
together to become 
more powerful. 
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HOW DOES FEAR 
REPROGRAM YOUR BODY? 


Deputy sheriff Dan Perkins owes his life to the fight-or-flight reaction. He was on duty 
during a forest fire in the US state of California, and was supposed to be evacuating 
residents. “As they went to their cars, a firestorm suddenly came down on us. | thought 
I would die,” Perkins recalls. But in that moment, a cascade of chemical reactions in his body 
kickstarted an astonishing transformation that saved his life. But where does this chain reaction 
begin? And how did it imbue Dan Perkins with almost super-human capabilities? ‘ 


BRAIN 


WHERE DOES FEAR BEGIN: 


t the very moment Dan Perkins sees the flames advancing blood can be pumped around the body. Adrenaline also causes 
towards him, the hypothalamus activates the body's disaster- һе liver to produce more sugar for the bloodstream, as the body 
prevention system: the sympathetic nervous system. This needs the maximum possible amount of fuel at its disposal. 3) The 


ramps up the emergency signals and in so doing alerts the adrenal alarm arrives in the brain's hormone factory, the pituitary gland. 
medulla. The consequence? 1) А huge release of stress hormones During scary situations it produces large amounts of the 

such as adrenaline takes place. 2) The messenger substances flood messenger substance adrenocorticotropic hormone (ACTH). As 
the circulatory system; as adrenaline reaches the lungs, breathing soon as ACTH reaches the adrenal medulla, around 30 different 
accelerates; the heart muscle goes into turbo-mode so that more hormones are released, which triggersja further chain reaction... 


HOW DOES THE BODY 
MAXIMISE ITS 
ENERGY STORAGE? 


hen faced with a frightening situation, all 

digestive processes in the stomach and 

intestine are brought to a standstill so that 
the body has more energy left over for emergency 
reactions. The intestine is sapped of the blood it 
normally needs for digestion. It’s redirected to the 
arms and legs so that blood supply to the limbs is 
maximised. Long-term anxiety can therefore result 
in irritable bowel syndrome. The immune system is 
also disabled while we react to stress. 


LUNGS 


WHY DO WE 
BREATHE FASTER? 


oth lungs work flat out to take in as much oxygen as possible, 
B thus allowing the body to better react to threatening situations. HYPOTHALAMUS 

Things return to normal when the body calms down again, but if If you witness, for example, a child stuck beneath 
the state of terror is long-lasting, hyperventilation will set in: the body a car, the hypothalamus (found in the centre of the 
takes in more oxygen than it needs, which can lead to chest pains, the brain) activates the fight-or-flight reaction to give 


sensation of suffocating, or an urge to violently cough. you increased strength for a short period of time. 


he explosion of the stress hormone adrenaline 
causes alertness levels to be maximised. The 
pupils dilate in order to take in as much light 
as possible, and new research by US scientists 
found that fear can also sharpen hearing: a study using 
mice found that, when afraid, their hearing abilities 
improved four-fold. 

Adrenaline also stimulates the muscles, which tense 
up, thereby increasing reaction capacities. The veins 
in the skin constrict, providing the main muscle groups 
with oxygen-rich blood more speedily. 

When deputy sheriff Dan Perkins is surprised by the 
wall of fire, he's about 60 metres from his car. “I didn't 
think about what | was doing or where | was going. 
| just ran." Perkins accelerated to a speed only an 
athlete should be capable of. So how is that possible? 

“Muscles always keep an energy reserve on hand for 
emergencies,” says physiotherapist Todd Schroeder. 
The boost comes from adenosine triphosphate (ATP), 

a molecule that fires up muscles to the extreme. 
ATP’s effect only lasts a few seconds, but for Perkins 
that was enough time to reach his car and save 
himself. Once the threat has passed, the body 
switches back to calm mode again. 

To curb panic attacks, the thalamus not only sends 
its impressions of potential dangers to the fear centre, 
but also to the sensory area in the cortex, where this 
information is analysed and compared with memories. 
This process is more rational, but takes twice as long | 
as а fight-or-flight reaction — and that's why it often ! 


HE A | Cr takes a few moments to recover from a shock. 


COUBAT 
HOW DO YOU 
| TURN OFF FEAR? 


Many experts recommend deploying a technique known as combat 
breathing during panic attacks. This strategy is used by both police 
officers and soldiers, just before they place themselves in extreme 
situations. This is how the breathing exercise works: 


orking together with the lungs, the heart also races 
when we are afraid. Blood pressure rises so that the 
engine can pump additional oxygen through the body 
and to the muscles as swiftly as possible. Thanks to 

this, alertness is boosted, as is a willingness to take action. 

If the blood pressure remains raised for a long time, however, 

the danger of a heart attack increases. 


Breathe deeply through the nose and count to four. While doing so, 


HEART - 

The heart almost breathe with your stomach. It should expand as you inhale. 
feels as if it’s 2 Hold your breath and count to four. 

exploding during 


periods of fear. 
The reason for this 
feeling? The organ 
is pumping around 
five times the 
usual amount of 
blood through the 
body so that the 
muscles are 
optimally supplied. 


Slowly exhale and count to four. Your stomach should contract 
again. 


Hold your breath for four seconds again — and then repeat the 
entire exercise four times. 


PHOTOS: Alamy; Fotolia (2); Action Press (3); Corbis (2) 
Balazs Gardi/Red Bull Stratos; SPL/Agentur Focus; PR (3) 
ILLUSTRATION: Bryan Christie Design 
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has been struck at least 13 times 
by missiles launched from drones. 
Upwards of 80 people have been 
killed as a result, but it's not 
known how many of them were 
innocent civilians, and how many 
were Taliban fighters. 
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т No other place i in the world has experienced 
www more drone attacks than the Pakistani border 
Му, town of Miranshah. What is it like to know 
that, at any given moment, death could come 


raining down on you from the sky above? 
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Three pilots at Creech Air Force Base in Nevada control 
а drone 12,000 kilometres away in Pakistan. The airmen 

evaluate the live pictures, hitting the fire button when they 
hear the fateful order to “eliminate target.” 


tis early evening when the air in Miranshah 
finally starts to cool. A picture-perfect 
summer's day is drawing to a close. Yet the 
streets in this small Pakistani border town 
are deserted, because the inhabitants know 
that a trip to the market place or a stroll to 
post office could prove fatal. The reason is not the 
Taliban, or soldiers’ crossfire, or car bombs, but that 
monotone, nagging buzz that’s been circling over 


The camera of an MQ-9 Reaper drone observes a suspicious truck 
from a height of several thousand metres. The drone is equipped 
with an array of air-to-ground missiles and laser-guided bombs, 
and can remain airborne for up to 14 hours at a time. 


the roofs of the town for almost two hours now. 

It’s the same almost every day here. Locals refer 
to them as тагат (mosquitos) — airborne killers that 
they can’t see, but can most definitely hear... 


IN THE ANGEL OF DEATH’S CROSSHAIRS 
Miranshah is considered to be the world capital of 

drone attacks. Since the US began hunting Taliban 
fighters in the Pakistani border region in 2008, this 


А POSTER AND А PLEA 

Human-rights activists have produced this vast poster in Pakistan, 
aimed at pricking the consciences of drone pilots who generally 
only view their targets as tiny dots on a screen. The message? The 
victims of drone attacks are not merely pixels, but real people. 


ONE SECOND — 20 DEATHS 

Tribal leaders in Miranshah inspect the site of a drone 
attack. The US government declared this a successful 
strike against international terrorism, as an al-Qaeda 
leader was among the 20 or so victims. 


small town has been viewed as an insurgents’ 
stronghold. Hardly a day goes by without cameras 
in the sky relaying live footage from Miranshah's 
streets back to the command centre in the US. The 


inhabitants live their lives in the crosshairs. 
Nowhere else in the world has been attacked by 
more missiles from unmanned aircraft (see graphic 
overleaf). And in contrast to the official guidelines on 
US drone campaigns, the missiles are targeted at the 


The Grim Reaper 


With its imposing 20-metre wingspan, 
the MQ-9 Reaper is one of the 
largest battle drones in the world. 
In all, 100 are in use. 


very heart of public life. According to locals, a girls’ 
school, a bakery and a marketplace have all been hit 
so far. Missiles are fired from 4,000, 5,000 or even 
10,000 metres above the heads of the residents, and 
at least 80 people have been killed by these attacks, 
with hundreds more injured. Nobody knows how 
many of those killed were civilians, and how many 
were actual terrorists. Six years after the start of the 
US drone offensive in Miranshah, locals have had 
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sd HOW DOES A DRONE WORK? 
eU з ЕШШ Pu the pilot's 


ENGINE 


B WAYPOINT 


The GCS sends the pilot's orders 
to an orhiting satellite via a 
fibre-optic link. 


1 GROUND CONTROL STATION 


The drone sends live data to a ground control 
station (GCS) in the US, from where it is controlled. 


WHO ARE THE VICTIMS 
OF THE DRONE WARS? 


Declassified military documents reveal that 
at least 4,700 people have been killed by 
US drone attacks — all executed at the touch of 

a button, with no official charges against them, let 
alone the chance to defend themselves in court. 
Most of the victims have been terrorists, including 


high-ranking Taliban and al-Qaeda leaders. But it’s H 
estimated that a third of drone victims have been H 
civilians, including 200 women and children. Е 
= 
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2004 | 2005 | 2006 


their day-to-day lives turned upside down by the 
constant threat of attack from above. 

"The drones above our town are angels of death," 
says shopkeeper Nazeer Gul. "Only they know when 
and where they will attack, and which lives they will 
extinguish." That distant buzzing sound is the only 
indication that a drone is overhead, and even then 
it's impossible to know if it’s merely relaying live 
images back to pilots in the US, or if it'S preparing to 


y NAVIGATION SYSTEM 


commands on to the drone's 
control unit. 


SATELLITE ANTENNA 


RADAR SYSTEM 


4 | 
These are overseen 

from a control station 

in Afghanistan. 


| 5 [WEAPONS | 

Battle drones are equipped 
with 1500km/h Hellfire missiles, 
amongst other weapons. 
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fire a deadly missile. And this uncertainly, this fear 
that a drone could strike at any time, has become 
deeply etched into the minds of locals. Many suffer 
from sleep disturbance, depression, panic attacks 
and even hallucinations. “Sales of antidepressants, 
sedatives and sleeping pills have exploded in recent 
years,” says local pharmacist Hajji Gulab Jan Dawar. 
He points out the best-selling medication. The name 
of the drug? Rocket. 


THE ATLAS OF DRONE ATTACKS 


More than a dozen countries worldwide possess 
drones, including China, India, Israel and 
Australia. But the Americans have by far the largest 
number, with a fleet comprising of at least 750 
unmanned aircraft. The US is the only nation that deploys 
drones in five different continents — almost every day. 


NEW COMMANDER 


When Barack Obama became president 
of the United States in 2009, he pushed 
the use of drone warfare. As a result, the 
number of attacks — and the number of 
victims — has increased greatly. At the 
same time, the US has scaled back 
operations in Iraq, and is in the midst 

of leaving Afghanistan. The armed 
air-support for ground troops that drones 
can provide has been scaled down over 
the past few years. Despite this, there are 
more US drones in the air today than ever 
before, although they’re mostly for the 
surveillance and targeted killing of 
terrorists in small towns such as the 
Taliban stronghold of Miranshah. 
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CAN YOU BECOME INVISIBLE TO DRONES? 
The explosion is heard from miles away; the 
sound of shattered window panes follows just 
fractions of a second later. A brief pause, then 
agonised cries for help echo through the streets 
of Miranshah, coming from the severely injured 
victims of a drone attack. 

Although dozens of locals hear these screams 
and pleas, it's several minutes before anyone 
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Ge 
The targets for drone 
missiles are mostly 
located in Pakistan, 
North Africa and the 
Middle East. 


© SURVEILLANCE 


Reconnaissance flights 
occur in both North and 
South America, as well 
as almost all the world’s 
war-torn regions. 


& DRONE BASES 


The United States has 
а 


as ones in Turkey, Saudi 
Arabia, Ethiopia and 
the Philippines. 


ШЕ TERRORIST LEADERS 
ШШ TALIBAN FIGHTERS 
ИШ CIVILIANS 


several drone bases in 
ШШ CHILDREN 
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North America, as well 


tentatively approaches the scene. Just as in many 
regions of Afghanistan and Pakistan, the people 
of Miranshah have learned that shortly after a drone 
strike, another will often follow. This knowledge has 
spread through the town like a virus, changing the 
behaviour of the people. 
The inhabitants' constant fear has also made 
them highly inventive. Over the years they've 
studied the drones' actions and developed > 
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malls; meanwhile, America’s flagship drones — Global Hawks — cost 


CIA 
SECRET 


Wingspan: 20m 
PROJECT 


Flight altitude: 15,000m 
Price: unknown 
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AVENGER <> BD 
Battle drone 
Wingspan: 20m 
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, is | 
CN 
( HERTI <> 
Reconnaissance 
"м, Wingspan: 12m 


Flight altitude: 6,100m 


Price: unknown — МӘН 

| SHADOW <> 

Reconnaissance p" «а 
Wingspan: 3.9m ^ 

Flight altitude: 4,600 т 

Рисе: $750,000 

$ SCAN EAGLE <> 
behavioural patterns that reduce the likelihood 

of being caught in a fatal strike. The unmanned 


Reconnaissance 
i aircraft may be equipped with high-definition 


MOST- 
PRODUCED 


BATTLE 
DRONE 


Wingspan: 3.1m 
Flight altitude: 5,900m 
Price: $100,000 


/ cameras that can detect people from heights of 
э“. r ыз up to eight kilometres above the ground, and they 
, may boast the very latest in night-vision technology, 
2 ү» but as the residents of Miranshah have discovered, 


the drones do have flaws that can be exploited in 
order to become ‘invisible’ to them. 
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In no other area of military technology has there been such rapid progress over the last ten 
years as there has with drones — by the end of the decade, US drone spending would have hit 
$40 billion. The smallest unmanned aircraft can be bought for just $200 at most Australian shopping 


SENTINEL ао B 
Stealth drone 


Flight altitude: 18,200m 
Price: $15,000,000 
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\ Price: unknown 
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Battle drone 

Wingspan: 2.1m 

Flight altitude: unknown 
Price: unknown 
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in excess of $222 million apiece. 


LARGEST 
DRONE 
IN THE 
WORLD 
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OR 
Stealth drone 
Wingspan: 19m 

Flight altitude: 12,000m 

Price: unknown 


RETRACTABLE 
WINGS 


EITAN <> 


Reconnaissance 
Wingspan: 26m 
Flight altitude: 14,000m 
Price: $35,000,000 


PREDATOR <> 5. 


Battle drone 
Wingspan: 14.8m 
Flight altitude: 7,600m 
Price: $4,000,000 
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И [rire scour kos & 
Drone helicopter 

Rotor diameter: 8.3m 
Flight altitude: 6,100m 
Price: $18,200,000 


RUSTOM <> 


Reconnaissance 
Wingspan: 7.9m 
Flight altitude: 8,000m 


KILLER BEE <> 


Reconnaissance 
Wingspan: 3m 

Flight altitude: 4,600m 
Price: unknown 


For example, the shadows cast by buildings 
and tall trees massively compromise a drone’s 
view of the ground below. And in order to remain 
undetected by thermal-imaging cameras, many 
people only venture out to go shopping or run 
errands during the height of summer afternoons, 
because, with temperatures ranging between 
36°C and 40°C, a drone’s infrared cameras cannot 
distinguish between body heat and the balmy 


PROJECT 
DISCONTINUED 


GLOBAL HAWK <> 


Reconnaissance 
Wingspan: 39m 

Flight altitude: 18,300m 
Price: $222,700,000 


SOARING ~~ 


Wingspan: 25m 
Flight altitude: 18,000m 
Price: unknown 


1,361 KG 
WEAPON 
CAPACITY 


HUMMINGBIRD 


Drone helicopter 
Rotor diameter: 11m 

Flight altitude: 9,100m 
Price: unknown 


BIGGEST 
HELICOPTER 


RAVEN <> 


Reconnaissance 
Wingspan: 1.3m 
Flight altitude: 150m 
Price: $35,000 


. Bo — 
Reconnaissance x 
Wingspan: 0.7m 
Flight altitude: 300m 
Price: $50,000 
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ambient temperature. In addition, many residents 
mount reflective material on their cars and rooftops, 
as this confuses drones. 

And in contrast to most places on the planet, 
lashing rain and ferocious winds are the favourite 
weather conditions for Miranshah's residents, as the 
feared and despised US drones have difficulty 
operating in such extreme weather. But however 
they might adapt their daily routines to trick, dodge 


Drac ume: 


AIRROBOT E OZ = 


Reconnaissance 
Wingspan: 1m 

Flight altitude: 1,000m 
Price: approx. $50,000 


X-45C <> ® NEURON <> @ 
Stealth drone Stealth drone 


Wingspan: 12m 
Flight altitude: 14,000m 
Price: unknown 


Wingspan: 14.9m 
Flight altitude: 12,100m 
Price: $15,000,000 


[MANTIS <> & 


Battle drone 

Wingspan: 20m 

Flight altitude: 16,700m 
Price: unknown 


Price: unknown 


Piao REAPER <> Ф gt Эм, 


Battle drone 

Wingspan: 20m 

Flight altitude: 15,400m 
Price: $16,900,000 


Battle drone 
Wingspan: 7.2m 


GEN 


< 
"mim Reconnaissance 
Wingspan: 10.5m 
Flight altitude: 5,500m 
Price: $2,000,000 


Reconnaissance 
Wingspan: 16m 
Flight altitude: 9,100m 
Price: unknown 


АЕВУОМ SCOUT <> . АК PARROT €» 


Reconnaissance Reconnaissance 
Wingspan: 0.8m Wingspan: 0.5m 
Flight altitude: 333m Flight altitude: 50m 
Price: from $30,000 Price: from $350 


and confuse the drones, the people of Miranshah 
know that it’s only ever a matter of time until the 
droning hum of a “mosquito” is heard from high 
up above again, the sickening sound growing 
louder and louder until the moment that death 
hails down from the sky. And locals have long 
since given up hope that the next strike will 

be ‘surgically precise’ and kill only terrorists, 

as the US government are constantly claiming. Ci 
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Flight altitude: 6000m 
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PHOTOS: Google Earth; Laif; U.S. Air Force (2); Getty Images; Corbis; PR 


ILLUSTRATIONS: Wired; wdw-Grafik 
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А MASTER ОЕ PSYCHOLOGICAL WARFARE 


WHOEVER B 


Saltwater crocodiles can kill a man in seconds. That 

didn’t stop outdoor expert Steffen Pichler from kayaking 
around in their territory for 18 months. His conclusion: 
these ancient creatures are not just mere killing machines, 
they’re sharp-witted experts in sophisticated mind games 
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LINKS FIRST. 


LOSES 
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)) “SALTWATER CROCODILES! 


USE THEIR BODIE; 


FOR SIGN LANGUAGE: 


140 MILLION YEARS OF "= 
DOMINANCE 


Saltwater crocodiles look almost exactly the 3 
same пом as their ancestors did 140 million — 
years ago. They are true archosaurs — 2 
evolutionary siblings of the dinosaurs who 
shaped an unparalleled 200-million-year era of 
reptilian dominance. Today, salties are the 
largest reptiles on the planet. 


"s 
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are c. able of aiding 1000 еее without 
setting foot on dry land. T hey also have an 
extraordinary sense.of direction: salties can find 
their way back to their territory from hundreds of 
kilometres away. How they do so remains a mystery 
to this day; one theory suggests that they can guide 
themselves using the Earth’s magnetic field. 


t’s a gaze that stops you in your tracks. So 

deep, you feel it could literally cut you. When 

you look into the eyes of a saltwater crocodile, 

you are gazing into the unparalleled history 

of the archosaurs, the giant reptiles that ruled 
our planet for almost 200 million years. But contrary 
to popular belief, the reptiles they call “salties” are 
not merely mindless killing machines — they are 
highly intelligent creatures. And when they find you 
intruding on their territory, they can become grand 
masters of psychological warfare. 


FAR BEYOND RATIONALITY 
Over the course of five expeditions, I spent almost 18 
months in a 60cm-wide sea kayak, right in the middle 
of the saltwater crocodiles’ territory. The tours took 
me along the remote, virtually deserted northeast 
coast of Australia, one of the salties’ main stomping 
grounds. Weighing around one tonne and measuring 
more than six metres in length, saltwater crocodiles 
are the world's largest living reptiles — and the most 
aggressive of all crocodile species. I was travelling 
on my own, setting up camp directly on the coast 
and hunting for food with my fishing rod or spear in 
the estuaries of the many coastal rivers and creeks. 
After countless encounters with these ancient 
creatures, I began to notice their amazing skill at 
what I call “psycho-games”. This offers an entirely 
new way of looking at Australia's archosaurs. I 
learned that the saltwater crocodile is a profound 
manipulator, equipped with a keen understanding of 
its opponent. And its methods are so effective, the 
fear it inspires goes far beyond the rational... 

A tale told by the coastal fishermen of Northern 
Australia back in the early 20th century illustrates 
this phenomenon. Two men working on a fishing 
boat had temporarily returned ashore, using a 
rowing boat — but were too scared to make the 
return trip. The reason? They'd had the fright of 
their lives when a saltwater crocodile had appeared 
on the water's surface. After a few hours, the 
captain of the fishing vessel was wondering why 
his sailors hadn't returned, so he sent the ship's boy 
off in a dinghy to investigate. He arrived on shore to 
find that one of the missing crewmates was dead, 
and the other had lost an eye. But it wasn't the 
crocodile that had attacked them - their fear had 
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MOTION SENSORS ON THE SKIN 
Salties have sensitive pressure-detectors on their jaws. When these sensors 
are submerged, the saltie can detect another animal moving through the 
water — even cloudy water — from several metres away. Unlike alligators, 

- for example, they also have these sensors on other areas of their body 

E. vo surface. How this detection system works has not yet been researched. 
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THE MOST POWERFUL duds Ww 


BITE IN THE WORLD 

With a bite-force of 3,700psi (around 16 kilonewtons), a 
saltwater crocodiles have the most powerful bite of ' "NR 

any living animal — the power equates to a weight of | е ; 

nearly two tonnes. By way of comparison a human " : v > 
has a hite-force of barely one kilonewton. 
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< > A NIGHT- VISION D 


Saltwater crocodiles are mainly nocturnal; their eyes 4, 2. 


А, i have adapted to this, and their gaze can penetrate the 


-Water like a night-vision device. The salties’ hearing 


e organs are also significantly more developed than those р 
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sof other reptiles = their middle ears are large in volume, 
„ and have several interconnected sinuses. 
e. 


0» “SALTIES ARE 


“HIGHLY SPECIALISED - 
~ AMBUSH HUNTERS” << 
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THE INCREDIBLE ANATOMY OF THE SALTIE 


PRESSURE 
SENSORS 


COMPLEX BRAIN 

The brain is small but very complex 
and highly developed; in many 
respects it resembles the brain of 

a bird. Crocodile expert Adam Britton 
classifies the learning capabilities of 
salties as being distinctly higher than 
those of laboratory rats. 


ARMOUR 

The skin of the saltwater crocodile 
is comprised of thick, rough bony 
scales. Salties do not shed their skin 
in the same way that snakes do, but 
they do grow new scales, while worn 
out parts of their armour fall away. 


PANCREAS 


WINDPIPE 2 
7 A 
SECRET LANGUAGE "EN dat 


Crocodiles can produce sounds over a пр. 
wide range of frequencies. If they're in X 
danger, young salties will sound special : 
alarm calls that can be heard by their , 


parents over very long distances. FORELEG BONES 206.4 
AS 
TEETH 


one grows in its place. During its 


Saltwater crocodiles have RADIUS 
between 64 and 68 teeth, with 
each tooth around nine 
centimetres long. If the 


crocodile loses a tooth, a new 


lifetime a crocodile will replace 
its teeth up to 40 times. 


н------- 5-7 METRES- - - - - - - - 


و ر 


grown so extreme that it had become a threat to 
them. The first fisherman had tumbled to his death 
from a cliff, where he'd climbed to keep an eye on 
the crocodile. The second, in his panicked state, had 
failed to notice the branch of a tree, and gouged his 
eye out on it as a result. 

I got a taste of how intense the saltwater 
crocodile’s psycho-games can be when I was just 
starting out on my first tour. I'd set up camp on a rise 
near the bay, to get a good view of the ocean and 
the beach. All of a sudden, I saw a huge crocodile — 
way out in the water, right in the middle of my field 
of vision. At first, I was thrilled to have spotted a 
crocodile so early on in my trip. But when the reptile 
stayed in the exact same position — directly in front 
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LAND ANIMALS 
Salties can walk for miles 
overland when moving from 
one body of water to another — 
which means they can be found 
in inland bodies of water. 


POSTURE 

The legs of saltwater crocodiles are angled at 

30 degrees, so that the limbs are better able to 
bear the one-tonne weight of the crocodile’s body. 


of me — for half an hour, I automatically assumed 
that there could only be one reason for this 
strange behaviour: me. 

I became completely convinced that the animal 
was fixated on me. The gaze of the crocodile became 
a physical presence, as though it were boring right 
through me. Even though there were about 200 
metres between us and the reptile was not behaving 
in a threatening way, my fear was intense. I felt 
a strong urge to escape. After a restless night, 

I hurriedly packed my belongings and quickly 
paddled 30 kilometres up the coast. But why would 
such a massive predator feel it necessary to drive 
me so far away? Why didn’t it simply come onto 
the shore and make direct, aggressive threats? 
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SOUTH EAST ASIA, AUSTRALIA 
100 YEARS 

300-1200 kg 

circa 250,000 


NUTRITION 
Saltwater crocodiles primarily prey on 
crustaceans, fish, snakes and birds. 

But they can also overpower buffalo 

weighing up to a tonne. After a bumper 
kill such as this, salties can survive for 
months without eating. 
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TAIL 

Salties use their two-metre tails as 
rudders to paddle at speeds of up to 
30 kilometres per hour. 


And why did it even want me to disappear at all? 

Let's look at the motives first. Saltwater crocodiles 
are extremely territorial animals. Larger salties 
almost always have a core territory that extends 
from one section of a river into a few tributaries. 
They'll often go out to sea for several days to forage 
for fish and shrimp, but they don't just swim around 
aimlessly — they always return to their home base. 
They seem to prefer stretches of coast with shallow 
beaches or sandbanks that they can sun themselves 
on. It seems that I - the pesky intruder - had 
disturbed this croc at precisely one of these spots. 
Since it had no idea exactly what I was от how I 
might behave, my saltie had opted to try its clever 
method of subtle intimidation. 


MENTAL WARFARE 
Steffen Pichler observed salties playing sophisticated 
mind-games in the waters north of Cooktown, Australia 


GOOD SALTIE/BAD SALTIE 


Over time, I learned that these psycho-games were 
actually sophisticated, targeted tactics. Different 
versions of these games played out over and over 
again, at different locations and with different 
salties. Such as this recurring scenario, for example: 
a crocodile would appear on the water's surface, 
not too far from the shore. It would seem relaxed, 
and have its body positioned so that its head was 
not facing in my direction, but was a little off to the 
side. This made the crocodile seem almost harmless. 
After a few minutes, it'd dive underwater in a 
leisurely manner. A short time later, what appeared 
to be a second crocodile, with an entirely different 
temperament, would show up a little further out to 
sea. It would appear agitated, stretching its head 
and tail out to demonstrate its size, and weaving in 
and out of the water. I'd begin to feel uneasy. The 
reptile dives once again; the more relaxed saltie 
resurfaces, exactly where it was before. This back 
and forth would go on for about 30 minutes. 

When I observed this behaviour for the first 
time, I actually believed that there were two 
crocodiles out there. But in reality, there was 
just one animal, playing a psycho-game with 
me: attempting to intimidate me with the classic 
good cop/bad cop routine. With the "bad cop" 
further out to sea, and the closer crocodile as the 
"good cop", this unnerving performance would 
intimidate any intruder. 

Encounters such as these had me convinced 
that saltwater crocodiles use their bodies to 
communicate a kind of sign language - and they 
seem to understand precisely how their opponents 
will interpret these signs. The way a crocodile's 
body is positioned; how far specific body parts rise 
out of the water; the movements it makes; how 
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often and how long the reptile is visible for; its 
distance from the intruder — if we see these 
gestures as words and sentences, we can begin 
to comprehend what the reptile is saying. 

As a kayaker in their territory, understanding the 
salties’ language can be a matter of life or death. 
There’s one vital characteristic that all of these 
psycho-games have in common. No matter what the 
crocodile is doing, while on the surface of the water 
it will not visibly approach — the animal understands 
the line between a passive warning and outright 
aggression. Though if the animal visibly and directly 
approaches you, even if it is just for a short moment, 
then it has probably gone beyond playing a passive 
psycho-game and moved into open-threat territory. 
And that’s when things get dangerous. 

A few years ago, a saltie attacked a fisherman in 
a canoe about 200 kilometres north of Cooktown, 
on Australia’s east coast. He was dead within 
seconds. I happened to meet a policeman who'd 
been involved in the resulting investigation, and 
had questioned a witness. He told me that the 
fisherman and the crocodile had made eye contact 
several times in the days leading up to the attack. 
On the morning of the attack, the saltie suddenly 
showed up at the fisherman's camp and approached 
him, with his body fully puffed out. It was the final 
warning given by the animal – and a decisive clue 
as to why the tragedy occurred. The crocodile was 
upset by the intrusion and had spent several days 
making that clear to the intruder with its body 
language. The fisherman, however, had ignored 
these warnings, and continued to camp and canoe 
in the area. Finally, the saltie had had enough - and 


OUR REPORTER ON THE GROUND 


E] STEFFEN PICHLER has spent 
several years away from civilisation, 
kayaking his way around numerous 
continents. There is probably no other 
person who has spent more time 
exploring the Australian coast north 
of Cooktown in a sea kayak. For 
Pichler, these trips are less about the 
athletic challenge, and more about 
learning to live off the land whilst 
observing the incredible wildlife. 
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made a serious declaration of war that, sadly, the 
fisherman did not understand. It is extremely rare 
for a crocodile to attack boats and their passengers. 
For one thing, these animals are very shy, but 

more importantly, they simply don't recognise a 
person sitting in a kayak as prey. Salties haven't 
encountered such things over their millions of years 
of evolution — even modern-day salties won't, in the 
main, have laid eyes upon a kayaker. 


POTENTIAL PREY — UNLIKE INTRUDERS - 

WON'T GET THE BENEFIT OF A WARNING 
Saltie attacks on humans in Australia are rare; 
between one and four people are targeted each year. 
Attacks are almost unknown on popular swimming 
beaches, since it's not in a croc's nature to hunt 
large prey in the ocean, and at heart they're too 

shy to venture along busy stretches of shore. 

However, salties do see humans as prey — if 
humans dare to walk around the estuaries, along the 
rivers or inland lakes, or enter the water in a saltie's 
territory. In this context, we're no different from 
kangaroos or the other mammals that have been 
the salties' prey for millennia. Unlike an unwanted 
intruder, potential prey will not get a warning 
before a croc attack. In fact, the prey wouldn't 
even know the crocodile was there, even if it were 
directly in front of them. Saltwater crocodiles are 
highly specialised in surprise attacks and can stay 
motionless for hours — even in very shallow water. 

That's why you must always follow one important 
rule in the tropical regions of Australia: if you can't 
clearly see what's below the surface of the water for 
an area of a few metres, you'd better steer clear of 
the embankment. Almost everyone who's been the 
victim of a saltie attack over the past few decades in 
Australia was guilty of violating this rule. 

Before long, following this rule became like second 
nature to me. My daily fishing routine always began 
with a search for a suitable area, where I could see 
the bottom of the river for at least five metres all 
around me. That way, I was always able to manage 
the risk presented by the massive archosaurs. I was 
never attacked; after each of my five expeditions, 
Ireturned unscathed from the territories of these 
extremely fascinating creatures. 

But travelling alone through the territory of these 
masters of psychological warfare, I was often under 
the illusion that identifying their intimidation tactics 
made me safe. Not at all. Every single time I saw 
one of these salties, I still couldn't escape the power 
of that profound gaze. W 


MORE ABO ALTWA ROCOD 
For more information on salties, visit Steffen Pichler’s website: 
www.saltwatercrocodile.info 


PHOTOS: Naturepl.com (2); Getty Images; Minden Pictures; Steffen Pilcher (2); ILLUSTRATION: Sol90 Images 
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Stressless® creates a sense of expectation of how the sofa will feel 
the moment you sit down. Both the seat and the back will follow your 
slightest movement - giving you the feeling of being at one with your 
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[ °" the top of the 
still-in-construction 
Shanghai Tower, ‘rooftopper’ 
Vitaliy Raskalov enjoyed 

a rarely-seen view of the 
492-metre-high Shanghai 
World Financial Centre — 
known to locals as the Bottle 
Opener, because of the 
50m-wide trapezoid-shaped 
hole at the top of the building. 


& Despite its 420-metre height, the 
tiered, pagoda-like construction of 
the Jin Mao Towers seems tiny from the 
roof of the Shanghai Tower. The buildings 
are separated by more than 200 metres 
in altitude, or 40 floors. 
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SHANGHAI'S CLIMB OF 


DEATH 


It’s known as ‘rooftopping’, a new craze in which urban daredevils scale 


skyscrapers and tall structures using their bare hands, and without support 
pam of any kind. Why? Because they can. We follow two extreme athletes on their 
journey to the top of China’s 632-metre-high Shanghai Tower. Don’t look down! 


20 HOURS FOR 
THIS MOMENT 


o" Raskalov and his partner took a total 
of 20 hours to scale the 632-metre Shanghai 
Tower. Only once the thick clouds gathered over 
Shanghai had slowly begun to clear did they dare 
attempt the perilous climb up the 30-metre-high 
crane mounted on the building's roof. Their 
reward? A seat with /ots of leg room — and the 
most breathtaking and dangerous view of the 
Chinese metropolis imaginable. 
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| А Vadim Makhorov had to keep a very 
firm grip on the 20cm-wide steel bars of the 
crane pillar. The moisture from the clouds made 
the steel construction highly slippery, so the 
24-year-old wore mountain climbing shoes. 
Plus, the oxygen content was two per cent lower 
at 600 metres above sea level than on the 
ground. That may not sound like much of a 
difference, but after scaling 121 floors and 
thousands of stairs, breathing became 
increasingly difficult for Vadim and Vitaliy. 


@ Following the building’s completion — scheduled 
to occur in 2015 — the Shanghai Tower’s innards 
will comprise of nine stacked, cylindrical segments, 
lined with a double-glazed glass facade. The latter 
will work in much the same way as the ‘double-wall’ 
system in a Thermos flask, sealing warmth inside 

so that as much as 20% of the building’s energy 

can be conserved. 


[ ML earthquakes, strong winds are the 
biggest danger faced by skyscrapers — and the 
roofers who climb them. To combat this, the engineers 
behind the Shanghai Tower developed a unique design, 
in which the entire facade twists upwards like a 
corkscrew, capturing the airflow and then guiding it 
across and around the building. Thanks to this 
innovation, the wind load — which strikes the tower at 
SWAYS up to 315km/h during typhoons — is reduced by 24%. 
SEVERAL When battered by heavy winds, the Shanghai Tower 
| METRES will sway several metres to and fro (see left). For 
. roofers Raskalov and Makhorov, swaying movements 
such as these could have proved fatal, and so they 
carefully scheduled their climb during a period when 
no strong winds were forecast. Just one hefty gust, 
and their mission would have ended in tragedy... 
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_ ҸӘ Shanghai — not exactly ideal 

_ conditions for taking panoramic photos 

_ of the city, so Vitaliy and Vadim spent 
the night sleeping inside the vast metal 

_ structure, before climbing to the top 
the next morning. 


GARDENS 
IN THE SKY 


The tower’s engineers are planning to create 
several gardens and mini-parks, with a third of 
the building given over to green spaces. These ‘Sky 
Lobbies’, as they've been dubbed, will be open to 
the residents of Shanghai, and have been designed 
to give visitors the feeling of being amongst nature, 
even when they’re 500 metres up in the air. 
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74 = 
Vitaliy Raskalov sat, unsecured, 

7 between two of the tower's floors, 
450 metres above the ground. If he’d 
shifted his weight just a few centimetres 
forward, he would have plunged off 
the building. His inevitable death 


would’ve been around ten seconds away, 
however, because that’s how long a free 


fall from this height would take. 
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e "v Raskalov can he seen here, sitting 
in a steel cage, suspended from the huge 
construction crane that sits at the very top of 
the Shanghai Tower. This cage is usually used 
Бу workers who are secured by harnesses and 
tethers. Rooftoppers, however, steadfastly 
refuse to deploy any such safety measures. 
These extreme athletes claim that there are 
three reasons for this. Firstly, it's far too 
time-consuming to set up ropes as you climb. 
Secondly, the knowledge that you're safely 
secured reduces concentration, and one wrong 
step can mean serious injury, even if you're 
tied on. Lastly, the adrenaline rush that the 
rooftoppers experience during their campaigns 
is far more intense when they climb unsecured. 
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here are three possible ways that Vadim 
Makhorov and Vitaliy Raskalov’s mission 
might pan out. The first possibility: they 
are arrested. The second: they become 
world-famous. The third: they die. 

The young duo know how risky their plan is, but 
the temptation is simply too great — 632 metres too 
great, to be precise. The Shanghai Tower may still be 
under construction, but its total height has already 
been achieved — and it’s this that Vadim and Vitaliy 
want to conquer, through their own strength, and 
with no safeguards whatsoever. 

The two extreme athletes are from Russia, where 
the craze of 'rooftopping' — scaling urban structures 
using little or no equipment — is particularly popular. 


scaffolding to reach their destination. Meanwhile, a 
thick cover of cloud has formed, some 200 metres 
below the two extreme athletes. Only the tips of the 
Jin Mao Tower and the Shanghai Financial Centre 
still penetrate the fog. The city itself is completely 
swallowed by the thick, white mist. 

It’s an eerie backdrop, and one that postpones 
Vadim and Vitaliy’s plans to enjoy a panoramic view 
of Shanghai from the very tip of the crane that sits 
atop the building. They need to improvise. They take 
the sleeping bags from their backpacks, and lie down 
to catch some much-needed rest — high up, and deep 
within, the vast steel shell of the Shanghai Tower. 

By noon the next day the cloud cover is slowly 
starting to dissolve, and the two men resolve to get 


They have been planning this mission for weeks. 

As soon as night falls across the city, their dangerous 
ascent to the peak of the second-highest building 

in the world begins... 

The window of opportunity for Vadim and Vitaliy is 
tight. They only have the next 48 hours to undertake 
their illegal actions. It's 31st January 2014 — Chinese 
New Year’s Day — and the construction site at the 
foot of the Shanghai Tower is completely empty. The 
cranes sit still; security is at an absolute minimum. 
Perfect. Another key factor is the weather: no rain is 
forecast, and winds are predicted to be weak. These 
conditions are essential to the rooftoppers’ survival. 

Vadim and Vitaliy check over their equipment for 
the final time. The cameras on their heads are 
rolling; their climbing shoes are tightly laced; their 
faces are disguised. They both clamber over the wall 
of the construction site, and then enter the inner 
shell of the tower. From here they take the lowest 
staircase, and begin fighting their way, floor by floor, 
to the top. "We needed two hours to ascend the first 
120 floors," recalls Vadim. "But it took a further 18 
hours until we were right at the top." 

Including basement levels, the Shanghai Tower 
has 128 floors, but the last stretch to the very top is 
not yet completed. As they finally approach the 
building's summit, Vadim and Vitaliy have to pick 
their way across 10cm-thick steel supports and scale 


on with the final and most dangerous part of their 
climb. Step by step, grip by grip, they climb over 
ladders and slippery wet steel beams, up, up, up into 
the sky. From here, there are no easy stages, and no 
safe distances to fall. Every wrong grip, every wrong 
Step, every bad decision can mean death. 

Finally, 20 hours after they began their mission, the 
pair reach their ultimate destination: the 30-metre 
crane at the top of the tower. Two-centimetre-thick 
Steel beams lead them upwards. Five minutes later, 
they're on the top of the crane, high-fiving. They've 
conquered the challenge of their lives. 

Their view over Shanghai is magnificent and terror- 
inducing. Helmet cameras record the incredible 
images. Exhausted but happy, Vitaliy and Vadmin 
then begin their long descent, carefully arriving back 
at the foot of the tower just in time for nightfall. 

The duo are aware that dozens of other rooftoppers 
have paid for similar missions with their lives. It 
doesn't matter if you're 50 or 500 metres up — one 
wrong step, one gust of wind, one lapse in attention 
can mean death. Following their return, they upload 
edited footage of their incredible climb onto 
YouTube. The video hits the site on 12th February 
2014; within a week, more than 18 million people 
have clicked on it. It's clear to both men that their 
Shanghai Tower mission was a success, and that 
the risks they took were, in the end, well worth it. Ci 
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VITALIY RASKALOV, ROOFTOPPER 


PHOTOS: Vadim Makhorov (4) 
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UNIVERSE? 


5 
BOUNCING STAR 
LI + 
Do black holes die? Some physicists, like Stephen Hawking, 
believe that the massive objects eventually evaporate. But what 
then happens to the former star which, according to the theory of 
relativity, is contained inside the hole? A theory from physicist 
Carlo Rovelli is that quantum effects prevent the dying star from 
completely collapsing into the black hole. Instead, it continues to SCAN PAGE WITH 
exist as a super compact object (a Planck star) and bounces back FREE VIEWA APP 
out during the evaporation process. According to Rovelli, we can TO SEE WHAT IT'D 
thank this bounce effect for the existence of our cosmos, which was BE LIKE TO TRAVEL 
INSIDE A BLACK 


created not in a Big Bang but in a Big Bounce. And that would of 


course apply to any parallel universes. HOLE. AND MORE! 
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What we see over these pages are various 
alternative theories about black holes which have 
developed as doubts emerged around the established 
concepts concerning the ‘mass monsters’. Does 


something like “You are what you eat” also apply to 
black holes? Does the form of the former star have 
an influence on the inner structure of the black 
hole? It was long believed that regardless of what is 
inside, each hole is just like another. As Samir 
Mathur and his colleagues from the Ohio State 
University report, matter of every conceivable 
shape and size can disappear forever in black 
holes. Information about the specific nature of these 
particles stays hidden inside the greedy cosmic 
objects in the form of ‘strings’ — elementary building 
blocks, considered to be the base material of all 
matter. Each black hole is therefore unique and 
home to a whole universe of information... 
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THE TIME MACHINE 


A much-discussed theory of quantum physics: on 
the event horizon — the point at which it’s impossible 
to escape from the black hole’s gravitational pull 
— there is a ‘firewall’, where pairs of particles 
created out of thin air become tangled up with each 
other. When one of the partners falls into the black 
hole, the entanglement breaks and an extreme 
amount of energy is released as the other particle 
leaves the event horizon. Unfortunately, this scenario 
contradicts the general theory of relativity. Cue a 
compromise proposal from the quantum physicist 
Juan Maldacena: particle information leaves the 
black hole less quickly, simply because time in 
the interior of the black hole runs backwards. 

The result: no particle wrangling, no fire, no 
drama! Those particles that leave the event 
horizon can capture the information which flows 
outwards (as a result of the reversed time) and 
take it with them — alongside, perhaps, information 
about parallel universes... 


THE WALL OF ICE 


Another possibility to resolve the firewall paradox: the black 
hole is a kind of wormhole that, on a quantum mechanical 
level, is connected with the particles which escape from it — 
so runs a theory by the quantum physicists Leonard Susskind 
and Juan Maldacena. This is also the way that information can 
escape without the troublesome firewall. "But then we would 
have a wall of ice," suggests Raphael Bousso from the 
University of California, as the quantum connection would 
place the particles in a frozen state. An ‘icewall’ would form 
which would make the event horizon visible — but this also 
contradicts the theory of relativity. What none of these 
different theories dispute is that the event horizon is an area 
that devours all approaching objects and sucks in time and 
space. But where does it go? 
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hen physicists get excited about a 

new discovery, it’s usually the sort of 

euphoria that can only be shared, or 

even understood, by a small circle of 
expert colleagues. On 17th March 2014 it was rather 
different. On this day, three years of secrecy ended 
with a revelation that profoundly altered our view of 
the universe. Cosmologist Marc Kamionkowski put 
it succinctly: “It’s not every day that you wake up 
and learn something new about what happened one 
trillionth of a trillionth of a trillionth of a second 
after the Big Bang.” 

So what happened? BICEP2, a radio telescope 
based at the South Pole, received signals which, for 
the first time, indicated the existence of gravitational 
waves that have their origins in the Big Bang. This 
event, from which the universe was created 13.7 
billion years ago, must have expanded incredibly 
rapidly within just fractions of a second. The 
resulting radiation crosses our universe to this day, 
travelling at the speed of light. The gravitational 
waves are similar to the ripples which form when 
a stone is thrown into water: the further away from 
the point of impact, the weaker they are. The waves 
we now measure are like ‘after shocks’ of the Big 
Bang that allow us a glimpse of the universe when 
it was not even a trillionth of a second old. 

Physicists describe it as a last “tremor” of the Big 
Bang. Among other things, these tremors prove 
a theory concerning the expansion of the universe 
shortly after the Big Bang, known as cosmic 
inflation. And once this theory is proven, it opens 
the doors to the possibility of other universes 
existing outside our own. 

The observational evidence runs like this: the 
universe grows rapidly in some places, whilst 
in the area visible to us it has largely come to 
a standstill. Or, to put it another way: the universe 
that we know is only a bubble in a much larger, 
infinitely expanding cosmos. Within this endless 
space, swirling apart from each other, island 
universes are created. Meanwhile, the existence 
of gravitational waves gives a fascinating insight 
into the Big Bang itself. Clearly, it must have started 
with an enormous amount of energy. This reinforces 
the theory that a Big Bang is not unique but could 
have happened elsewhere — another important 
indication as to the existence of other universes. 

It's like a pan of water being brought to the boil: 
the supply of energy (heat) creates not just one 
bubble, but hundreds! If one of the bubbles 
represents our Big Bang, it can be assumed 

that many others were created in parallel. 


ILLUSTRATIONS: Getty Images, Kenn Brown; PR (4) 


PHOTOS: Getty Images 


But how are these universes connected to one 
another? Or do they simply exist next to each other? 
The key to understanding this lies in gravity — as in 
gravitational waves. Harvard physicist Lisa Randall 
has created a whole new approach to explain this 
mysterious energy which, compared to other 
elemental forces like nuclear power or magnetism, 
is actually rather weak (after all, a mini magnet can 
be used to make a paperclip float), but manages to 
ensure that everything stays where it belongs — the 
Earth in the solar system, the car on the street etc. 


IS THERE A PRIVATE UNIVERSE WITHIN 
EACH BLACK HOLE? 


Randall’s explanation for this contradiction is that 

gravity comes from a parallel universe, in which it 

is just as strong as all other natural forces. For us, 

however, it is weaker because it has essentially 

trickled in from outside. And what might act asa - 
kind of supply line for the intra-cosmic gravitational 

stream? Where does gravity gather together in such 

a powerful way? That’s right: in black holes, the А 
remains of huge stars whose mass has collapsed 

so far that they consist almost exclusively of gravity 
and vacuum up everything around them. 

But how do these back doors work? Well, in a far 
more complex way than cosmologists had assumed 
for decades. Physics genius Stephen Hawking has ee 
called for a radical rethink on black holes: they 
don't release swallowed light anymore? Actually, 
sometimes they do! Do the torn-apart particle pairs 
on the event horizon — that point of no return on the 
edge of a black hole — create a ring of fire? Hawking 
doubts this too. And this opens the door to various 
theories about the anatomy of the mass-monster, as 
our little menagerie of black holes on the previous 
page shows. All of these areas of space-time do, 
however, have one thing in common: each has its 


own universe. Cosmologist Nikodem Poplawski $ E. 
is in no doubt. He's convinced we're actually living > 
in a black hole. At the birth of the cosmos, the hole h А 
reached its maximum temperature and density ) & 
— then exploded: the Big Bang! The detection of T 
gravitational waves, and the associated evidence e 


of an extreme energy explosion, can only now n 
substantiate this theory. Conversely, the 
gravitational waves indicate that all of the black 
holes known to us also contain universes. 

Our nearest universe would therefore be about 
26,000 light years away — and the black hole in the 
centre of the Milky Way would be the door to get 
there. Sadly, proof of this will probably not be found 
for the foreseeable future. m 
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There are various theories about the type and nature of 
parallel universes. One, the Level 1 theory, is based on the idea 
that the universe is infinite. Therefore, according to 
mathematical probability, there must be an exact copy of the 
solar system, the Earth and all the people on it. The distance to 
these doppelgangers is a googolplex-metre long. That’s a one 
with 10,118 zeros after it. An unachievable distance for us. 


In Levels 1 and 2 the parallel universes are 
separated by space and time, but with Level 3 
there are exact copies of us in the same here 
and now. They are just in another dimension. 
And there are an infinite number of them. 
Only a small quantum difference separates us 
from the countless parallel-egos, each of 
which is leading another life. 


» ` 
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> Level 2 parallel universes float like 
к bubbles through the expanding space. Each 
2 *. \ contains its own universe. The bubbles may 
collide and therefore create smaller ones. 
It’s a dynamic process: universes which 
form from the nothingness; universes 
which produce other universes. 


THE PHYSICS OF 
PARALLEL WORLDS | 


Physicists want to explain the world with a single formula, like Albert 
Einstein did with E=mc2. That is the central equation in Einstein’s 
theory of relativity. It states that large masses have the ability to bend 
the fabric.of space and ime, just like a bowling ball lying on top of a 
piece of canvas causes it tû Sag. This energyisgravity. The light of a 
distant star is deflected slightly when it pas e sun’s gravitational 
field. Its position shifts slightly because the sun bends the space-time 
and the light;of the star needs to follow this bend. The inconceivably 
large mass of a black hole has the ability to bend the space-time into 
int inity. Time and space are therefore relative and not static — this 
opens countless new possibilities for our 
view of the universe, because it can easily 
‘be one of many which exist next to each 
other as a result. The physicist Brian 
` Greene is convinced that our existence 

is only possible as a result of the 

precise coordination of countless 

laws of physics. "In a sea of infinite 
parallel worlds," he says, "the 

existence of our universe is no 

longer a huge coincidence, but 

rather a mathematical necessity." 


ALBERT EINSTEIN 
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here’s a ticking time 
bomb inside your 
body.” Those eight 
words, spoken by an 
attending physician, 
hit Thomas Collins like 
a bullet to the chest. 
It’s cancer. He doubles 
over as the diagnosis hits home. 

This eight-word sentence will never 
be far from Thomas Collins’ thoughts. 
His condition worsens; six months later 
he is dead. But doctors make a bizarre 
discovery during the autopsy: Collins’ 
tumours are relatively tiny and haven't 
even metastasised. 

Dr Clifton Meador has studied several 
cases such as this. “Some patients die 
not from cancer, but from believing that 
they’re dying from cancer,” he explains. 
If Thomas Collins’ doctor had avoided 
referring to his cancer as a time bomb, 
and spoken instead of therapy options, 
perhaps he would still be alive today. 

Although widely underestimated, 
words are actually the most potent 


POWER 
OF WORDS 


instruments of manipulation that a 
person without weapons, power or 
money can wield. Spoken words occur 
when vibrations within our vocal chords 
cause the warm air in our throats to 
form sounds at a frequency of around 
200 hertz. Just 140 milliseconds after 
this sound has passed through their 
auditory canals, the brains of everyone 
within earshot will process every word. 

The effect is immediate and powerful. 
So strong, in fact, that it can take all of 
our concentration to resist the power of 
these words. They can drive a bullying 
victim to suicide, or inspire an army to 
fight to the death. Words can reprogram 
our psyches; draw out our most intimate 
secrets; provide strangers with access 
to our bank accounts. 

By deploying a handful of well-chosen 
words, a skilled orator can bolster his 
dominance, or block attempted attacks. 
Barack Obama’s former speechwriter — 
Jon Favreau, inventor of "Yes, we can!" 
- earned $172,000 a year, making him 
the second highest earner in the White 
House, after the president himself. 

But what makes words so powerful? 
Why are they essential to our survival? 
And how can you harness their power to 
your own advantage? Scientists have 
now identified five key factors that 
make language so effective. 


Your tongue is your sharpest weapon, capable of 


controlling others and reshaping your reality. 


But it can also be your biggest weakness 
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FACTORI 


ichael Cooper* sits in a windowless 
room, awaiting his interrogation. The 
charge against him is murder. “The 
police have nothing to hold over my 
head,” he tells himself. “I just need to make sure 
I don't make any stupid mistakes..." He mentally 
goes over his alibi for the evening in question. 
On the other side of the desk sits DI Thomas Hill*, 
ho knows that he has nothing except vague clues, 
and no solid evidence that Cooper is guilty. But a 
glance at the statement transcript tells Hill that the 
man opposite him has something to hide. And sure 
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IN PRINCIPLE OUR BRAIN 
ALWAYS WANTS TO SAY 
WHATEVER IT IS CURRENTLY 
THINKING ABOUT. 


enough, a few hours later, Hill has a confession... 
The policeman didn't have to resort to brutality or 
even yelling. The brain will always want to speak 
out about any thoughts that it's currently focused 
on or preoccupied with. But for self-preservation 
purposes, our brains monitor and screen these 
thoughts, placing them into one of two categories: 
A) Yes, that's fine to verbalise to others; B) No, stop; 
saying that could have negative consequences. 


WEAKEN THE BRAIN'S MONITORING SCREEN 


The barrier within the brain can be easily lifted, 
however, particularly when somebody has been 
drinking alcohol, or when they're sleep-deprived. 
In these circumstances, people tend to reveal their 
secrets inadvertently. Stress and conflict can also 


* NAME HAS BEEN CHANGED 


ААА 


А 
FACTOR ІІ 


loosen the tongue: in order to induce anxiety and 
pick out flaws in an opponent's story, it's often 
sufficient to simply speak quickly, swear constantly 
and frequently interrupt the other person, hitting 
them with accusations again and again. 

Policemen use such tricks during interrogations. 
They use what's known as the RPM method 
(Rationalisation, Projection, Minimalisation) to build 
a kind of 'bridge' to the suspect. The first step, 
rationalisation, involves DI Hill giving Michael 
Cooper reasons for his crime: "It was an extreme 
situation in which you behaved completely 
normally." Next, projection transfers blame onto 
others. "You were provoked, and there was no other 
way out of the situation." Finally, minimalisation 
trivialises the crime: "It's not that bad. It happens a 
thousand times a day, all around the world." The 
homicide is transformed into an accident, an 
oversight — and an invitation for the brain to 
compulsively reveal its thoughts. Michael Cooper 
falls into the trap, and confesses... 


PRESSURE AND DECEPTION 

ARETHETOOLS USED IN THE REID METHOD. 
THEY ARE SKILFULLY DEPLOYED TO OBTAIN 
A CONFESSION — IN THE PROCESS, EVEN 
THE TOUGHEST CRIMINAL WILL BREAK 
THEIR SILENCE 


Even more effective is the Reid Method, named 
after Chicago cop John E. Reid. It works in nine 
stages, by means of pressure and deception. The 
suspect is first placed under stress with verbal 
recreations of the crime. If they try to explain 
themselves, an interruption will occur; they soon 
learn that this is consequence of any ‘denials’. 

The interrogator may increase the pressure by 
reducing the distance between them and the 
suspect in order to impede careful consideration. 
The suspect’s posture slumps as their resistance 
starts to crumble. Following intense questioning 
by Bad Cop, the sympathetic Good Cop speaks up 
to offer the suspect two possible scenarios: the first 
is a morally acceptable explanation for their crime, 
the other a morally reprehensible one. In both of 
these scenarios, the person being interrogated 
confesses their guilt. 

John E. Reid became world-famous due to his 
ability to extract confessions from the toughest of 
criminals using this method. 


CANA 


t 8.46am on 11th September 2001, a 
hijacked aeroplane crashes into the 
World Trade Center in New York. 
Seventeen minutes later, a second 
aeroplane strikes. Chaos reigns, but the authorities 
eventually impose structure onto the confusion. 

In the hours following the catastrophe, press 
statements from the US government speak of 
countless “victims”. However, that soon becomes 
“casualties” — a hugely significant change: crimes 
claim victims, but a war, on the other hand, is 
measured in casualties. 

Hours after the attack, the linguistic reframing of 
the event begins, transforming it into a declaration of 
war. On 20th September 2001 it’s not a “search for 
instigators” that’s announced, but a “war on terror”. 
President Bush talks of a “crusade”, a word evoking 
the military campaigns of Christian conquerors. 

Our mindsets can be reprogramed by metaphors 
such as these, determining what we want and what 
we do. As linguist George Lakoff says,” Metaphors 
not only determine choices — metaphors can kill.” 

The power of words was demonstrated by Lera 
Boroditsky, a psychologist at Stanford University in 
the US. She showed test subjects two near-identical 


— The US president’s answer to the 9/11 attacks turned 
the hunt for the perpetrators into a kind of ‘holy war’ 
— words also used by terrorists. 
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texts, both describing a fictitious city's extensive 
crime problems. There was one minor difference, in 
the first sentence: one version described crime as 

a "beast", the other as a "virus". 

The subjects were invited to make suggestions 
as to how the crime levels could be reduced. The 
results were startling: the 'beast' group 
predominantly suggested introducing stronger 
laws, longer prison sentences and more persistent 
manhunts. The 'virus' group, however, were more 
keen on analysing the underlying causes of the 
crime; they felt that poverty should be combatted 
and local education standards improved. Just one 
tiny change in phrasing had tipped the scales. 

Metaphors work unseen, secretly controlling our 
thoughts. As Lera Boroditsky explains, "Metaphors 
structure and influence which pieces of information 
enter into an equation when we're decision-making. 
All other information becomes subordinate to this 
concept." In other words, facts that do not fit into 
this viewpoint are swept under the carpet. 

"Metaphors conceal and illuminate," says George 
Lakoff. Linguistic images have such an intense 
effect on us because they address the brain on a 
number of levels, and the more senses that are 
stimulated, the stronger our reaction. For example: 
the statement "that is cold" is geared solely towards 
the brain, on a reasoning level. "That is cold 


LERA BORODITSKY, PSYCHOLOGIST 


"THERE ARE 
KEY WORDS 
THAT CAN 
PUSH OUR 
MINDS IN 
A CONCRETE 
DIRECTION." 


Се 
ZA 


coffee”, on the other hand, is also geared towards 
our olfactory centre, which makes the statement far 
more powerful because it subliminally provokes 
disgust via the remembrance of a stale, cold drink. 

It’s the same with a phrase such as “It was a real 
kick in teeth” — this activates not only our senses in 
the prefrontal cortex, but also the motor cortex that 
coordinates limb movements. “The literal meaning 
resonates in the brain,” explains neuroscientist 
Friedemann Pulvermiller. 
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HOW DO WORDS 
M "ULAIE М 


ou can see for yourself right now just how 

powerfully words can affect you. Think of 

a statement that you unequivocally agree 

with: "I would help my best friend if they 
had a problem," for example. At the same time, try 
to shake your head, as if you're saying ‘по’. 

How long did it take you? It takes most people a 
few seconds, even when concentrating hard. If it 
seemed easy then you may be a highly skilled liar, 
as you're able to control your body very well. Words 
an cause a person's body to react in a certain way 
relatively easily, even overriding basic rationality. 


QUICKLY ANSWER THE FOLLOWING 
QUESTIONS: 
WHAT FALLS FROM THE SKY IN WINTER? 
WHAT COLOUR IS A WEDDING DRESS? 
WHAT DO COWS DRINK? 


Snow, white and milk: those are the answers given 
by 90% of people, although the answer to the third 
question should, of course, be water. 

The reason? We associate the first two questions 
with the colour white. The brain then rushes ahead 
with the third question, immediately connecting the 
signal-word 'cow' with the white substance. 

Advertising exploits these subconscious effects, 
which are even capable of fooling our taste buds. 
Which brand of tea would you rather drink: Tropical 
Feeling or In Front Of The Fireplace? A group of 
scientists gave test subjects drinks of tea bearing 
those names. The subjects reported back that 
Tropical Feeling tasted more exotic, fruity and 
refreshing than In Front Of The Fireplace - even 
though both were actually the exact same tea. 

Professional brand-namers earn their money by 
perfectly summing up the perceived characteristics 
of a product. The word itself will usually make 
no sense, but it must sound promising, be available 
for patenting, and be easily pronounceable all 
around the world. 

The product's description is also very important. 
Studies show that people perceived food to taste 
better when phrases such as "traditionally made" 
appeared on the packaging, even when the product 
had actually been mass-produced in a factory. 


wi 
FACTOR IV 


HOW DO YOU CONTROL 
OSTAGE-TAk 


icky, I understand,” says the woman into 
the telephone. “I hear you, Ricky.” The 
man on the other end of the line has just 
threatened to shoot someone if he doesn’t 

receive a helicopter to escape in within one hour. 

For Kip Rustenburg, sentences such as these have 
become a part of her everyday life. She’s a hostage 
negotiator for the FBI. Her job centres around not 
fulfilling any demand a hostage-taker makes, while 
allowing every deadline to pass, and ensuring that 
the criminal is unable to escape. 

“Hostage-taking situations have three acceptable 
outcomes,” says Rustenburg. “Either the captor is 
led away by police, the captor is killed by police, or 
the captor kills themselves.” Her task is to facilitate 
the first possibility, because as ex-FBI chief James 
DeSarno explains, “Studies show that the survival 


chances of all involved lie at 97% for this outcome.” 


GARY NOESNER, EX-FBI AGENT 
“THROUGH CONVERSATION 


WE BUILD UP TRUST 
INCREMENTALLY.” 


By comparison, armed missions have loss rates 
of more than 12%. The decisive factor in hostage 

situations is time: for the 4,000 or so people taken 
hostage each year around the world, the chance 


of survival rises with every hour elapsed. 

“A hostage negotiator adapts to the vocabulary 
of the hostage-taker,” says ex-FBI agent 

Gary Noesner. “They will study their style 

of speaking and their speech tempo.” 


IT'S ALL ABOUT THE REVERSAL OF ROLES: 
THE NEGOTIATOR MUST USE WORDS TO MAKE 
THE CAPTOR A PART OF THE SOLUTION 

NOT A PART OF THE PROBLEM 


A hostage negotiator’s spiel often goes like 
this: “Ricky, I would like you [respectful form 
of address] to know that although the hostage 
[not personified] has been shot [no assignment 
of blame] in the foot [no critical wounds], in 

a situation such as this one, anything can 
happen as a result of panic [no intent]. 

“But it’s great how you've managed to get things 
under control since then, because that’s meant 
that nobody else has been injured [hostage-taker 
is part of the solution, not the problem]. That’s 
worth а lot — everyone here knows that [implicit 
reduction of jail sentence]. Let’s see if we can do 
things in a peaceful way so that we all [not only 
the hostages] get out of here safely.” 

The most important thing? “Sticking to promises,” 
says Rustenburg, "If they think we're lying, we've 


lost our most powerful weapon: the spoken word.” > 
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FACTORV 


WHY DOES THE TONGUE 
CONQUER THE BRAIN? 


bama is dead and I don’t care,” declares 
Geraldo Rivera upon hearing the news 
of Osama bin Laden's execution – and 
he’s live on air. Oops! Was that a 
genuine slip of the tongue, or actually Rivera's real 
opinion? The Republican broadcaster is a dyed-in- 
the-wool critic of the US president... 
“Freudian slips, as they’re known, are a genuine 
phenomenon,” explains Professor Michael Motley of 
the University of California. “A particular stimulus 
causes an error to occur while a person is speaking. 
It’s still not clear whether the subconscious actually 
registers that information.” 

Motley set up an experiment in which he induced 
young men to make Freudian slips of a sexual nature 
in front of an attractive young woman. But when it 
came to non-sexual themes, their verbal-error rates 
remained normal. If the cause of the stimulus was 
altered then the type of verbal errors also shifted. 
For example, if Motley threatened electric shocks, 
the theme of electricity became prevalent in errors. 

In situations such as these, our brains are working 
flat-out. Just as it’s impossible to not immediately 
picture a polar bear if commanded not to, the mind 
is also unable to switch off certain stimulus themes. 

As the late psychologist Professor Daniel Wegner 
explained, “It’s part of the job of our subconscious 
to always think up the worst-case scenario in any 


PHOTOS: Getty Images; Alamy; DDP; Corbis (2); PR (3) 
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`“ОВАМА IS 
DEAD ANDI 


DON'T CARE.” 


2€ X Dangerous slip of the tongue 
‘When US broadcaster Geraldo 

Rivera confused Barack Obama 

With Osama bin Laden on air, the 
incident ended harmlessly. But 

a slip of the tongue can result 

in war or drive a company into 
bankruptcy, if the affected party 
doesn’t believe it to be an error. 


situation. The brain then checks that this terrible, 
suppressed event hasn't actually occurred.” This 
leads to stress. 

Per thousand words, the average person produces 
one or two slips of the tongue; when speaking at а 
rate of 150 words per minute, a gaffe will be made 
every seven minutes or so. Almost all of these will 
be immediately forgotten: on average, only one of 
these bloopers a week will remain in the memory. 

So what happens in the brain when a slip of the 
tongue occurs? When expressing an idea, you’re 
deciding on which of the 30,000 words stored in 
your brain are best suited, while remembering how 
they’re pronounced and the rules that govern their 
use. Normally the cerebral cortex — the area where 
rationality sits — oversees this process. But 
sometimes one of the brain’s systems will trump 
another, a process that linguist and psychologist 
Gary Dell describes as “spontaneous spill-overs". 

The brain will merge words together, or repeat 
vowels, or interchange syllables. "But that can be 
a good thing," says Dell, "because that's how new 
words form, enhancing the language." 


= DANIEL WEGNER, PSYCHOLOGIST 


“OUR 
SUBCONSCIOUS 


IS PROGRAMED 
TO IMAGINE 
THE WORST” 
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THE DICTIONARY 


OF MANIPULATION 


A single word can completely change an entire sentence. This solitary 
word can unmask a liar, or make the difference between steering someone 


in the right or wrong direction. Harness words skilfully, though, and you 
can achieve countless advantages over others in your everyday life... 


WHICH WORDS CAN HELP ME GET WHAT I WANT? 


WE communicates togetherness 
and a sense of belonging. Our brain 
produces the happiness hormone 
dopamine when we feel part of a 
group. An orator who addresses 

his or her audience using “we” will 
automatically and effortlessly inspire 
positive emotions. 


Using SOMEONE’S МАМЕ relieves 
them of anonymity. Addressing somebody 
by their given name improves your chances 
of success when dealing with figures of 
authority or large corporations. 


BECAUSE and BECAUSE OF satisfy the human desire for a reason 


behind an occurrence. This was proven by an experiment by psychologist Benzion 


Chanowitz, who tested how best to successfully jump to the front of a queue to 


use a photocopier. “May | go first?” led to rejection in 40% of cases, while “May 
| go first, I’m in a hurry?” met with refusal in only 7% of cases. Somewhat absurdly, 
“May | go first, because | have to copy something?” also achieved a 93% success 


rate. When the brain hears ‘because’ or ‘because of’ it switches to acceptance 


mode. That’s why a train driver will offer a meaningless explanation for a delay like 


“because of a technical problem” — people just like to hear them. 


WHICH WORDS ARE TABOO? 


YES is a word that gets spoken almost reflexively 
when something corresponds with our own plans 
or opinions. Good rhetoric presents an audience 
with general statements that are easy to agree 
with. The statement is only substantiated gradually, 
once the audience's brains have already long been 
in 'yes mode'. 


IMMEDIATELY and QUICKLY are words that 
the brain reacts to almost as if they were drugs. Using 
brain scans, psychologist James MackKillop of the 
University of Georgia demonstrated that the prospect 
of immediacy triggers joy in the subconscious. The 
prospect of a delayed reward, however, activates the 
frontal lobe, the conscious mind. We place a higher 
value on what we can have immediately, even when 
there's perhaps a more advantageous alternative. 


UNFORTUNATELY is seen 
as a negative word as it's generally 
only followed by statements that 
are unfavourable. It causes a 
person's hearing to switch to 

‘deaf mode’, while the brain 
simultaneously begins searching 
for possible solutions to the 
problem that's about to be voiced. 


BUT and DESPITE tend to 
provoke resistance; used at the 
beginning of a sentence, they 
trigger aggression. Rhetoric 
trainer Rolf Ruhleder calls these 
kinds of contradiction words 
“highly explosive" because they 
place the person being spoken 
to into a defensive position. 


WHICH WORDS BETRAY A LIAR? 


MONEY signifies material 
goods and immediately makes us 
more egoistical. In a (wordless) 
experiment by psychologist Daniel 
Kahnemann, the image of a 
bundle of notes appearing on 

a screen for a split-second was 
enough to make test subjects 
behave noticeably less helpfully. 


The words PLAGUE 
and AGONISE act 
upon the brain like torture 
devices. An experiment at 
the University of Jena 
showed that subjects' 
pain memories were 
activated solely by 
hearing these words. 


YOU and ONE are signs of a 
change in perspective: "Most liars 
avoid using ‘l’,” explains James 
Pennebaker, a psychologist at the 
University of Texas. In everyday life 
a person will normally say "I", 
“mine” or "me" every 16 words or 
so. Be wary if the words occur far 
less frequently than that. Liars seek 
to avoid clear statements, instead 
preferring impersonal formulations. 
So, instead of saying, “| was not on 
the street at 11 o'clock," they might 
say, “Nobody is alone on the street 
at that time!" The only way to deal 
with them is to pin them down: 
“Were you or weren't you?” 


AFTER, DURING and NEXT 

- liars will relate their tall tales in strict 
chronological order, because lying is 
hard, and there are many elements that 
must be made to fit together. “For this 
reason, most liars will tell the truth right 
up until the point where they need to 
hide something," says former ЕВ! agent 
Jack Schafer. "They'll then return back 
to the truth." These transition words, 

as they're known, often mark the place 
where a lie begins. In this section of 

a story, a liar will skimp on details. The 
sharp listener must also look out for the 
moment a fictional story reverts back to 
fact. To help unmask a liar, demand that 
they tell their story in reverse. 


HONESTLY, APPROXIMATELY, 
VERY and PERHAPS and 
REALLY are PROBABLY. Such 
classic signs dithering demonstrates to an 


of dishonesty. 
The liar has no 
true belief in their 
own story, and 
reveals their 
nervousness. 
They want to 

gain approval by 
appearing excited 
and invested, 
pushing away any 
doubts expressed 
by others. 


experienced listener that the 
liar wishes to leave an escape 
hatch open, because they do 
not have a solid story to use. 
This tactic of feigning memory 
gaps is often used in court, 
because if new facts come to 
light over the course of a trial, 
this strategy allows for flexible 
adaptation to the situation. 
Counter-strategy: do not force 
the opposition to commit 

to an opinion. ЁЛ 
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TOUGH NATURE 


\ LITTLE 
\ NUT 


Underneath their cute, docile exteriors, squirrels are 


one of nature’s most skilled survivors - the rodents 


are rarely killed by another animal. And much of 
that’s due to its stealth weapon: its fluffy tail! 


CAREFUL ROUTE 
PEANNER 


Sciurus vulgaris is what biologists call the 
European squirrel, which differs from its 
relatives from America and India in its 
. red colouring. No опе can say with any 
certainty exactly how many of the rodents 
are currently scurrying around Europe’s 
towns, cities and forests but there are 
thought to be around 140,000 in the UK. 
On the continent, then, ‘squirrel’ is a 
| synonym for ‘crisis-proof’. As long as there 
are trees and food in the vicinity, nothing can 
harm it — it’s far too alert for that. Eyes 
located on the side of its head ensure a great 
all-round view that’s crucial for estimating 
+ a the distances between branches as it swoops 
[p 4 › А its way from treetop to treetop. 
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TOXIC SHIELD 
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HIGH FLYER 
In order to land safely on the next branch, RU DDE R 


squirrels deploy all four of their paws to 
ensure a strong grip. The squirrel has 
four long fingers on its front paws and 
five toes — known as prehensile toes — on 
its back paws. It also possesses sharp 
claws that allow it to comfortably scale 
smooth tree trunks. 


At 20 centimetres, a squirrel’s tail is almost 
as long as the animal itself. It acts both as 
a balancing aid, and as a rudder when the 
squirrel is airborne, allowing the creature 
to correct its ‘flight path’ if it’s misjudged 
it. This adaptable appendage has several 
other uses besides in-flight steering, and is 
actually what gives this rodent its scientific 
name: sciurus originates from the Greek 
words for ‘shadow’ and ‘tail’. 


REAR-WHEEL DRIVE 


Using a long run-up and powerful hind-leg muscles, the 
squirrel launches its 300g weight into the air. The 
combination of leg-power and low weight is why it can 
withstand falls of up to 20 metres. During autumn its tiny 
legs also serve to bury around 260 pinecones — per day! 


FLIRT TRAP 


You can learn a lot about male squirrels from 
their jumps — particularly during the mating 
season. If he uses his tail as a makeshift 
parachute then the treetop-leaper will be 
unmasked as a naive whippersnapper or a 
frail oldster — neither particularly attractive 
to the ambitious female squirrels who are 
looking on from the opposite tree and 
surreptitiously awarding points for style. 


ttle fella may look as cute 
| as a button, but in Australia the 

Indian palm squirrel is defined as 
a species of ‘high-pest potential’ 
by the Non-Indigenous Animals 
Act. In India, they’re known to 
damage fruit crops and have a 
particular liking for native bird 
eggs — hence the pest tag. But 
Australian squirrel breeder Chris 
Hubbard disagrees: "There's 
never been any study done that 
says they will become a pest,” he 
says. Maybe Australia should 
follow India’s lead. Even though 
the palm squirrel might cheekily 
tuck into local crops, in Hindu 
culture the creature is still 
considered sacred, because of 
its association with Lord Rama, 
an avatar of the god Vishnu. 


= | 
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hen you weigh little more than 
a pack of butter and have 
several enemies on your tail, 
you need a powerful and 
reliable weapon — ideally something with 
barbs, or with poison squirting out of it. 

Squirrels have... a tail. A thickly fluffy tail 
that doesn’t look like it could launch an 
assailant into the air. But, in actuality, it can. 
Statistically speaking, squirrels are equipped 
with the most effective weapon in the world. 
Studies have found that the rodents are rarely 
killed by another animal. 

“Tt doesn't really make sense,” shrugs Aaron 
Rundus, biologist at the University of 
California. “After all, some of the best 
predators have squirrels in their sights: pine 
martens, wildcats, weasels and birds of prey, 
to name but a few.” 

Rundus observed hawks becoming deeply 
confused and disorientated while pursuing 
squirrels, colliding with trees when their prey 
spiralled around a tree so rapidly that the 
bird’s brain could no longer follow its 


movements. Rundus also observed martens 
who carelessly plummeted from treetops after 
diving headlong at a squirrel — which, unlike a 
marten, can expertly fall from a height of 20 
metres and scamper away unscathed. 

Rundus’ research confirmed what he had 
long suspected: a squirrel's tail can act as an 
umbrella, a sun parasol and an electric 
blanket, and much more besides... 

As a rudder, the tail allows for aerial twists 
and turns that are the fastest and most precise 
in the animal kingdom. When fluffed-up it 
perfectly breaks falls from great heights; 
during leaps, it acts like a wing, allowing the 
squirrel to launch itself across distances of up 
to five metres (the human equivalent would be 
jumping 36 metres.) And this amazing tail is 
even capable of scaring off snakes: when 
under attack from a slithering reptile, a 
squirrel raises its blood pressure so high that 
its tail gives off increased infrared radiation. 
To a snake, this makes the rodent appear to 
be a vastly superior warrior — а trick that also 
works on hawks and martens! w 


CHILL-OUT ZONE 


Squirrels find peace and quiet in nests made of 
branches and boughs, or in tree-caverns 
abandoned by birds. After a few days the leaves 
in the squirrel’s construction will begin to fester 
and function like an electric blanket. Опе 
problem: as a result, the nest can smell very 
unpleasant and will often become infested with 
parasites. That's why squirrels build up to eight 
nests each and constantly switch between them. 
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A US neurobiologist 
has tested pills that 
were successful in 
erasing negative 
memories in rats. In 
the future these types 
of drugs could help 


` trauma victims. But 


what do we stand to 
lose in the process? 


HUMAN BODY 


JOSEPH LEDOUX, psychologist at New York University 


HOW DO YOU WIPE A MEMORY? 


The mugging last year, 

a war injury, the divorce 
— without a complex interaction 
between messenger substances 
and new neural connections, our 
brain is unable to store the 
memories of these traumatic 
events in the long term. It's at this 
precise point that Karim Nader's 
‘forgetting’ drug comes into play. 
Every time we recall a memory it 
is freshly consolidated in our 
mind by messenger substances 
and nerve cells. Nader's drug 
blocks individual messenger 
substances and prevents nerve 
cells from refreshing their 
connections and a memory being 
recalled again. The consequence? 
We forget the event. But how 
exactly does the medicine work? 
How do you delete an individual 
memory without also losing 
others? And which factors 
must be taken into account? 
This diagram shows how 
Nader's process could 
work in the future... 


areas. 


MEMORY SELECTION 


A memory is saved. 
The long-term 
memory is located 
in the hippocampus 
and surrounding 


During the 
remembering 
process, messenger 
substances like 
proteins must 
reactivate the saved 
neural connections. 


experiment LeDoux discovered the following: the 
stronger the fear that we experience during an 
event, the more intense the memories of that 
incident are. Often, all that is needed is a noise or a 
smell similar to those of the frightening event itself 
to act as a trigger for the stored information of the 
unpleasant episode to be reactivated. For David, the 
trigger was the meat cooking on the barbecue. 
LeDoux describes this process as 'quick and 
dirty'. This means that before the affected person 
is even conscious of the memory, it is recalled and 


Му biggest nightmare is that 
р some evil dictator gets a hold 


of this, there are all sorts of 
scary things one could do 
with these drugs.” 


TODD SACKTOR, neurobiologist at Columbia University 
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The memory that is chosen must 
be one thatis already stored deep 
in the long-term memory. There it 
has already undergone the 
so-called consolidation process 
and the connections are held 
steady between neurons. 


р TESTING THE MEMORY 


When we actively remember 
something the brain produces 
proteins that stabilise the network 
of neural connections. One of 
these is PKMzeta. Before the 
deletion process can begin 
researchers must make sure that 
the targeted memory is firmly 
anchored in the brain: the patient 
must write down the event and 
recount it a number of times. 


they are forced to relive the event all over again. 
And that’s what millions of trauma victims around 
the world experience on a daily basis. 

Motivated by the conclusions of his research, 
Joseph LeDoux went on to examine the process 
of how memories are stored. Only a handful of 
messenger substances are necessary for this, and 
they function as a kind of memory carrier. LeDoux 
also discovered that if the exact moment of the 
event is blocked by a substance that inhibits the 
release of these messenger substances, the memory 
cannot be fixed in the brain and it gets lost. 

Ultimately, it's this discovery that leads LeDoux's 
colleague Karim Nader to an exciting idea: could 
the same process also be used to delete certain 


DELETING THE MEMORY 
The patient must actively 
remember the chosen event. But 
as soon as they ingest the pill, the 
drug blocks the PKMzeta protein. 
Once the crucial enzyme is out of 
action, the memory is erased. But 
how are individual memories 
targeted? Neurologists want to use 
drugs that only bind to the 
receptors in the area of the brain 
responsible for the memory. 


Drugs block the 
activity of these 
proteins and delete 
the memory in 

the process. 


specific memories? His superior waves him 
away: “That’s crazy. Don’t waste your time.” 

But Nader refuses to back down and extends his 
hand: “I bet you a bottle of tequila that it works.” 
LeDoux accepts the wager. 


CAN MY MEMORIES 
BE DELETED AT WILL? 


Determined to win his bet, Karim Nader decides to 
use the same inhibitor substance that was used in 
LeDoux's experiment — a drug known as a beta- 
blocker. The neurobiologist uses rats as test 
subjects because their emotional memory functions 
in a similar way to ours. Initially, he teaches the 


Only the wiring 

in the targeted 
region is affected. 
The remaining 
connections 
remain intact. 


KEEPING OTHER MEMORIES 

If the new drugs only function on an 
extremely selective basis and the 
memory is precise enough, all memories 
that we wish to keep should remain safe 
from the process of forgetting. 


animals to associate a loud noise with a mild but 
painful electric shock. As expected, after a few 
run-throughs the rats display typical reactions 
of fear as soon as they hear the sound. Their 


emotional memory is working at full blast. 
Following the learning phase he injects the 
rats with a beta-blocker at exactly the moment 
that the signal sound occurs. The outcome is 


groundbreaking: "I couldn't believe what 
happened. The memory of fear had vanished. The 
rats had forgotten everything," Nader explains. 


The experiment negated the assumption that had 
reigned for decades - the idea that memories are 
only established once. Nader discovered that 
memories are actually stored anew every time they 
are recalled by a trigger. Each time this happens, 
the messenger substances are released again. 

At precisely this moment the memory briefly 
becomes unstable and the negative feelings 
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associated with the event can be deleted by the 
inhibitor substance. But what does this mean in 
practice? If an injection is successful at blocking 
the messenger substances in this window, the 
memory can never be stored again — and it 
vanishes, even though it had been firmly fixed 
in the brain just moments before. Scientists 
declared this discovery a turning point in brain 
research — and Joseph LeDoux was more than 
happy to pay for the bottle of tequila. 

Shortly after Nader’s results were published, 
Dutch brain specialist Merel Kindt succeeded in 
proving how beta-blockers can affect people’s 
memories. Kindt and his colleagues conditioned 
60 healthy test subjects to associate pictures 
of spiders with a mild electric shock, eliciting 
a frightened reaction. 

As expected, the human guinea pigs quickly 
began to react with fear at the mere sight of the 
picture in question. Next, all the participants were 
asked to swallow a pill — without knowing whether 
it contained 40 milligrams of the beta-blocker 
propranolol or a placebo. It turned out that the 
test subjects who had taken the beta-blocker 
overcame their fear noticeably better and almost 
succeeded in erasing their negative memories 
when they looked at the pictures again. Experts 
now hope that the drug can be employed in the 
future to treat trauma patients by wiping their 
memories of terrible events. 

However, not all scientists have reacted positively 
to these new insights in memory research and the 
possible applications of a memory-wiping pill. Far 
from it: many see the targeted deletion of memories 
as one of science's most dangerous instruments 
— and the direct side effects of the drugs have not 
yet been taken into consideration... 


WHAT IF A MURDERER 
COULD NO LONGER REMEMBER 


THEIR CRIMES? 


Hair loss, low blood pressure, depression and 
hallucinations — the list of possible side effects of 
beta-blockers like propranolol is a long one. Still, 
many doctors see this as one of the least worrying 
problems concerning the targeted manipulation of 
memories using propranolol. "Removing bad 
memories is not like removing a wart or a mole," 
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explains neuropsychologist Daniel Sokol from 

St George's University of London. "It will change 
our personal identity, since who we are is linked 
to our memories." 

Our identity is closely associated with what we 
remember. After all, the human brain is the most 
complex network we know. Every memory is linked 
to another one. At present it'S not known whether 
deleting the memory of a painful break-up with a 
partner would also delete the memories of the 
happy moments shared with him or her. What 
would happen to the memories of friendship, of 
exposure to a foreign culture or positive experiences 
in Afghanistan when the moment of a bomb attack 


Memories serve as the most 
| important alarm signals in our 
wid lives. It is only tha 


y thanks to them 
that we can predict dangers 
and react in time.” 


is erased from the mind of a US soldier? Paul 
Farmer, the chief executive of mental health charity 
MIND, warns: “The deletion of negative memories 
could include the eradication of positive memories.” 

There are also other risks associated with using 
beta-blockers as memory-wiping pills. If every 
memory can be deleted, how would a murderer mull 
over their guilt? Would they still be able to feel 
emotions like regret and empathy? Would victims, 
perpetrators and witnesses only be granted 
permission to swallow the pill after legal 
proceedings had concluded? Retrial excluded? 

Scientists believe the biggest potential danger 
would be the loss of our ability to learn from the 
past. If we can suddenly use our memory like 
a music playlist, and are able to skip or delete 
certain songs — or mistakes — at will, how can 
we possibly learn from these mistakes? 

“Memories act as the most important alarm 
signal in our lives. It is only thanks to them that 
we can predict dangers and react in time,” 
explains neurobiologist John Harris. 

Experts are also getting headaches over what 
might happen if the pills fell into the wrong hands. 
“My biggest nightmare is that some evil dictator 
gets a hold of this,” says Todd Sacktor from 
Columbia University. “There are all sorts of scary 
things one could do with these drugs." m 
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NAME: Diego Rajoy 
AGE: 36 
CITY: Sydney 


WORLD EVENTS 


Governments, police forces and even private 
companies like Facebook are now using CCTV 
cameras and facial-recognition technology 

to identify you. And it won’t be long before 
everyone has access to the software. 

Can you do anything to protect yourself 

from would-be Big Brothers? 


UNIDENTIFIABLE 

It takes more than just 

a hat and sunglasses to 
fool facial recognition 
technology. One effective 
strategy: tilt your head 
by more than 15 degrees 
to one side. But if the 
system identifies you, 

it can mine information 
about you from various 
databases and the 
internet — just like the 
examples on this page. 


OCCUPATION: Engineer i OCCUPATION: Finan 
NETWORKS: None NETWORK: Twitter 
HOBBIES: Fishing, mountain climbing 1. || HOBBIES: Hiking, ya 
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азоп ВеШеу had fallen asleep on the 
park bench for just a few seconds when 
the two policemen woke him up and 
asked to see some ID. The 35-year-old 
told them he'd left it at home. No 
problem, the officers said. Reilley 
flashed a smug grin — which faded as 
he saw them pull out their iPad. "We'll 
just take a quick photo." One minute later, Reilley 
was in handcuffs, and in custody. The information 
on the officers' iPad screen is indisputable: the man 
sleeping on the park bench is wanted for car theft. 

And while this may sound like science fiction, it's 
already become reality in San Diego. Police officers 
in the Californian city deploy FaceFirst software to 
identify criminals when they're out on patrol. They 
simply take a snapshot of a suspect using an iPad, 
and the image will be sped through the database 
and compared against millions of photos of wanted 
criminals. Within seconds, the officers can know 
exactly who they're dealing with. 

In Australia, facial recognition software is also 
now being used by the police and customs officials. 
It's not just the authorities who are interested in 
tracking and identifying us, however — pretty soon 
anybody will be able to use this technology, for all 
kinds of nefarious reasons... 


HOW OFTEN ARE AUSTRALIANS FILMED 
BY SURVEILLANCE CAMERAS? 


In Australia, the average person is captured 

15 times a day by surveillance cameras. CCTV 
operators store recorded material for months at 

a time, and often there'll be no signs to warn the 
general public that they're being filmed in the shop, 
the car park, the doctor's surgery, the solicitors' 
office, the playground, the train station. 

The picture quality is often so clear that you can 
make out the tiniest of details — and by using the 
correct software, you can even identify the people 
whose actions have been captured. Programs such 
as FaceFirst, ForensicaGPS and Neo-Face analyse 
faces and compare them against vast databases of 
images. But how does facial recognition work? 

АП investigators need is a photo or video of the 
person they wish to identify — even a YouTube clip 
or Facebook photo will do. Within milliseconds, the 
software creates a mathematical map of the face, 
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«With this new 
recognition 
software, 

we have the 
capability to 


governments to 
eir citizens and 


eir every move." 


K GREGORY, 
URER IN NETWORK 

AT RMIT UNIVERSITY 
NE, AUSTRALIA 


known as a faceprint. As many as 80 different 
points are used to analyse key characteristics (see 
top right). Of particular importance is the distance 
between the eyes, width of the nose, shape of the 
cheekbones, length of the nose, depth of the eye 
sockets, and shape of the chin. 

The program then compares this faceprint to 
photos on the police database. FaceFirst can 
make millions of comparisons per second; it 
then displays the closest matches, and, unlike 
other programs, even declares its confidence 
levels in each match. 


WHICH FEATURES DECIDE 
MY “FACE CODE’? 


Identification becomes trickier when the photos 
being analysed are of poor quality, when they 
show faces that are partially turned to one side, 
when the subject has a strong facial expression, 
(shouting, for example) or when there are 
concealing elements, such as a hat or sunglasses. 
There is, however, an app for that. FaceFirst 
uses add-ons such as Cognitec to remove beards, 
objects or extraneous people in order to build 
a more accurate analysis of a person’s face. 
ForensicaGPS, meanwhile, can take a photograph 
shot in profile and transform it into a 3D model 
in order to get a front-on image. Thanks to 
this technology, instant identification is 
becoming increasingly accurate: match-rates 
have tripled in the past five years. 
“If someone asks me, ‘With CCTV 
cameras everywhere, is my 


m" 
THE SKIN TONE 


4 


SYMMETRY 
HOW CAN | FULL BEARD | LONG HAIR HAT AND HEAD 
LEGALLY OUTSMART OVER YOUR SUNGLASSES TILTED TO 
A SURVEILLANCE FACE ONE SIDE 


CAMERA? 


à 5 


v x и 
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Until very recently, photos taken т 

profile [1] were virtually unusable 
for facial recognition purposes. But now 
the ForensicaGPS software package can 
transform such images into head-on photos. 

The program codes up to 40 orientation 
points [2] that can be manually corrected 
where necessary. Using these points, the 
system constructs a wireframe model [3] 
that defines the outer contours. It then lays 
the photographed face onto this frame [4], 
and on the basis of symmetry, mirrors the 
other half of the face [5]. A 3D model is 
created that can rotate to show the subject 
from various angles. 

The frontal view is useful for comparisons 
with police mugshots or Facebook profile 
pictures. ForensicaGPS can overlay any 
potential matches onto the 3D model [6] 
in order to compare facial features. 


A bank in Ohio: a man walks in, pulls out a gun and steals several 
thousand dollars. The suspect’s description: male, black, muscular, 
broad nose, bald. A facial recognition software finds what appears to be 
the perfect match — one Paul Brookes* — and the suspect is arrested. 

But the software was wrong, and of all the characteristics listed 
above, only the first two fit. Thanks to evidence provided by the true 
culprit’s girlfriend a few days later, it transpired that the robber had 
been wearing a lifelike silicone mask (see right). Under the mask? 
Polish native Conrad Zdzierak (top right), who’d bought a mask called 
‘The Player’ at spfxmasks.com. 

“The Ohio robbery is not an isolated case,” says Rusty Slusser, owner 
of the shop. “A lot of buyers have misused our masks to commit crimes.” 


*Name changed 
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privacy intact?’ then my answer is ‘No, it’s not!’,” 
exclaims Terry O’Gorman, president of the 
Australian Council for Civil Liberties. “Plus, you 
have no control at all over who has access to your 
personal information.” 

In Europe, many have been particularly critical of 
INDECT, an EU-funded research project centred on 
developing intelligent security systems: “They are 
designed to monitor the entire public and private 
sphere,” says IT expert Christian Hufgard. “The 
plan is to create a surveillance profile for every EU 
citizen. Using intelligence gathered from social 
networks, the system will create an accurate profile 
of a person — and it'll even mine content from their 
private chats and emails.” 

But it’s not only governments and police forces 
who've shown an interest in these ultra-modern 
tracking, snooping and spying systems: private 
individuals are now getting in on the act as well. 


HOW CAN | PROTECT MYSELF 
AGAINST PUBLIC SURVEILLANCE? 


The fact is, these facial recognition systems can 
only work effectively if they’re backed up by huge 
databases containing more than police mug-shots 
of suspects and criminals. Images also need to be 
mined from online social networks such as Twitter, 
Instagram, Pinterest and Facebook. Every month, 
Facebook users upload more than six billion photos 
to the site. And their profile pictures will usually be 
high-quality images that are perfect for computer- 
assisted identification... 

People whose data is being mined remain utterly 
unaware of the fact. So who’s permitted to use this 
powerful technology? The answer, scarily, is anyone. 
You can easily install FaceFirst onto your Google 
Glass headset, and you simply activate it by saying, 
“OK Glass, identify that face.” 

“People can use these high-tech headsets to learn 
not only someone's name, but also where they work, 
where they live, how much money they have," says 
data-protection expert Joseph Atick. "Information 
such as this could be used by stalkers to harass 
women. The wealthy may risk being kidnapped." 

Or let's say you're on holiday, many miles away 
from home. This information (including your home 
address) could prove invaluable to a burglary ring. 
You don't even necessarily need FaceFirst — Google 
Glass' own program, NameTag, will be sufficient. 

With the right software, you can identify anyone. 
But many experts have been vocally critical not only 
of the invasion of privacy this invites, but also of the 


~ .. "If someone asks me 
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u Ф “ы 


privacy intact?", 
then my answer 
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| information." 


0'GORMAN, 
JF THE AUSTRALIAN 
В CIVIL LIBERTIES 


shocking potential for errors that can be made when 
identifying people in this manner. Computing expert 
Christian Hufgard has one nagging concern: "What 
happens if a citizen uses this software, but tracks 
down the wrong person with it?” 

Paul Brookes* knows just how easy it is for that to 
happen. The African-American man found himself 
arrested for four bank robberies that had occurred 
in Ohio. A facial recognition program had identified 
him from a surveillance video. But Brookes was 
innocent — although police would never have known 
that if it weren't for an amazing coincidence. 

The girlfriend of Conrad Zdzierak, a Polish native, 
discovered a lifelike silicone mask (see left) of a 
black man in the apartment they shared. It looked 
exactly like Brookes. She revealed her shocking find, 
and Zdzierak wound up confessing to the robberies. 
He faces a prison sentence of 35 years. 

In the US, more and more people are committing 
crimes with masks such as these — and the 
trend is now reaching Europe. These facemasks, 
are often referred to as 'Mission Impossible masks', 
and are usually made in Hollywood. Because 
they fit snugly to the face and are made of 
flexible material, they can form believable facial 
expressions, behaving almost like real skin. 

They cost around $1500 each. 

But these highly lifelike masks are not only 
useful for criminals — anybody could use one to 
outsmart global surveillance systems. Take Edward 
Snowden, for example: the NSA whistle-blower 
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Facedeals is a new project developed by US ad agency Redpepper. Cameras 
connected to both Facebook and facial-recognition software are installed in 
businesses, and if your Facebook profile causes you to be recognised by one of 
them, a personalised deal related to the business you've been spotted in will be 
sent to your smartphone. The data these businesses harvest about their customers' 
purchasing patterns could earn Redpepper – and Facebook — millions. 


is currently one of America's most wanted men. 
Designer Adam Harvey has made it his goal to 
help Snowden escape from Russia. He's invented 
several ways in which a person can become totally 
unrecognisable to CCTV cameras and facial 
recognition software. For years, Harvey has 

been conducting experiments to pinpoint the 
weak spots of the these systems. To block the 
various types of digital tracking, he uses high-tech 
clothes, hidden lasers, bug-proof mobile phone 
covers, and electromagnetic imaging that distorts 
people and objects to prevent software from 
successfully recognising them. 

There are hundreds of websites with instructions 
on how to fool facial recognition programs. Some 
of the most effective tricks include obscuring 
the bridge of your nose, adding asymmetrical 
and high-contrast elements to your hair, wearing 
a baseball hat with LEDs mounted on the brim 
(these will obscure the face almost completely) or 
wrapping a thick scarf around your neck and chin. 

But it's only a matter of time until facial 
recognition technology improves, rendering 
such countermeasures null and void. Adam 
Harvey says, "One surveillance-technology 
manufacturer recently said to me, 'Even though you 
don't mean to, you're helping us optimise our 
software. Your projects let us know where our 
systems fail.' Looks like I'm helping them make 
surveillance systems even more effective." m 


PHOTOS: Getty Images (2); Splash/Corbis (2); PR (7) 
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sovereigns of the sky 


THE UNBELIEVABLE 


JOU 
А ВА 


RNEY 


Quadrillions of them fall from the sky every day, each representing 
a fascinating miniature universe. Now scientists have discovered 


that raindrops even contain the building blocks of life itself: DNA 


GLOBAL TRANSPORT NETWORK E 
Up to 17 kilometres high and weighing hundreds of 
tonnes, clouds travel the world, distributing water 
from oceans, rivers and lakes. Due to turbulence, 
water droplets repeatedly collide together and 
merge. Once they become heavier than three 
micrograms, they fall to Earth. It’s estimated that — 
29 quadrillion (that's 29,000 billion) i jul © 
down onto the planet every day. 
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4 HYDROPOWER 

Araindrop smashes through 

the water’s surface at around 

. 19km/h = and remains 
undamaged. The reason? 


e > 
" » Its tough, spherical shape 
"y — gh, sp p 


makes it far more stable 
than the water’s surface. 


he raindrop has 
been on the move 
for thousands of 
kilometres by the 
time it arrives in 


Europe, having 
travelled halfway around the 
world. It began its epic journey 
nine days ago, when sunlight 
off the coast of New York caused 
a water molecule in the Atlantic 
to dissolve. Now it’s sailing the 
skies, climbing ever higher. 

The molecule is on the search 
for a place to rest. The higher 
it climbs, the colder the air. At 
a height of around six kilometres, 
it finds an anchor: a dust particle 
it can cling onto. At that point, 
it becomes a tiny ice crystal — 
the embryo of a raindrop. 

This ice crystal draws moisture 
from the air around it, grasping 
at every water particle in the 
vicinity as it grows in size. Once 
it’s large and heavy enough, it 
begins its descent. On its way 
down to Earth it collides and 
merges with several other 
raindrops. During its 25-minute 
fall, the raindrop expands to 20 
times its original size, to a final 
diameter of two millimetres. 


IS THERE AN OCEAN 
ABOVE OUR HEADS? 


More than 15 trillion tonnes of 
water — three times the amount 
in the Mediterranean Sea — 
are on the move above our 
heads every day. It’s a hovering 
ocean, vital to life on Earth. 
Without rain, plants, animals 
and humans would all die out 
within a few years. 

It’s estimated that 29 quadrillion 
raindrops fall every day. A warm 
summer shower in one location; 
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HOW DOES | 
THE WORLD'S EIGHTH 2 ЫЕ м. 
OCEAN FORM? т coma Teron 


Cirrus and cirrostratus clouds also belong to this group. 

Clouds are nature’s most dynamic phenomenon — 15 trillion 

tonnes of water that permanently hang over our planet. The 
heat of the sun draws the water from the oceans, rivers and lakes. 
But evaporation alone is not enough: without cloud condensation 
nuclei (dust or plant pollen, for example) upon which droplets form, 
there would be no clouds. Scientists have only recently discovered 
that all raindrops have a solid centre. Even more amazingly, 85% of 
them contain the DNA of microorganisms. 2. ALTOSTRATUS: This cloud develops when damp air 


rises between two front systems. It usually indicates that 
bad weather is on the way. 


3. ALTOCUMULUS: These clouds consist of water droplets 
and ice crystals, often resulting in spectacular formations, 
and guaranteeing consistent weather ahead. 


^ SOUTH Hd | 4. CUMULUS: These clouds develop during the day, and 


і ^ are puffy with clear edges. If they disband by the evening, 
ЕЯ) NT the weather will remain calm. 


WH АТ | 5. STRATOCUMULUS: Stratocumulus clouds are the most 
common clouds. As a result of their own shadows they often 


THE EL-NINO ta 


PHENOMENON? 


As December draws to a close, the wind zones over the western 

Pacific shift. The consequence? Ocean currents weaken, which 
leads to the sun warming more water than it usually manages (see red 
area on image above). As a result, clouds form in greatly increased 
numbers, and hurricanes and cyclones can develop. This far-reaching 
phenomenon influences 75% of the world’s weather. 
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6 : These clouds completely obscure the 
sun, stretching from close to the ground up to five 
kilometres above the Earth. They bring persistent rain. 


=” 9 
7. CUMULONIMBUS: The cloud-towers stretch ир 
into the stratosphere. Their storms release energy 
levels equivalent to an atomic-bomb detonation. 


18,000m 


7,000m 


2,000m 


Ground 


8. STRATUS: These are the lowest clouds, and 
sometimes become fog. They’re uniformly grey, up 
to 500 metres thick, and guarantee bad weather. 


a fierce thunderstorm in another. 
And each raindrop is made up of 
far more than just water. 

It’s widely believed that there’s 
nothing purer than rainwater, 
but scientists from Louisiana 
State University analysed 
raindrops and found that they 
form small, suspended particles 
that don’t merely contain 
volcanic ash, desert dust, 
or salt from the world’s 
oceans. Their conclusion sent 
shockwaves throughout the 
scientific community: as it turns 
out, a raindrop’s interior contains 
the building blocks of life - DNA. 

The researchers also observed 
biological reactions when they 
heated precipitation particles in 
the laboratory. This phenomenon 
occurred in 85% of all the 
particles they examined. 

“DNA, bacteria and biological 
cells are traversing the oceans 
and continents on a floating 
motorway of life," says Steven 
Lindow of the University 
of California. “And all above 
our heads!” 

Every raindrop is its own 
micro-habitat. Water evaporates, 
rises up through cold layers of 


THE UNIVERSE IN A RAINDROP 
Thousands of types of bacteria, algae (see 
green blobs, left) and tiny animals travel 


around the world, enclosed in tiny raindrops. 


When it finally rains, they plummet onto the 
soil to occupy new territories. 


air, forms clouds, condenses and 
falls to the ground as rain. 

But the fact that water molecules 
require tiny particles to act as 
anchors in order to become 
raindrops is not the full story. 

“Without the particles, there 
are no clouds, and therefore no 
precipitation,” says chemist 
Meinrat O. Andreae of the 
Max Planck Institute in 
Germany. “But it all depends 
on the quantity of the particles.” 
So why, in desert regions 
bordering seas, where there’s 
lots of moisture as well as 
dust in the air, does it not rain 
torrentially all the time? 

The answer lies in one simple 
ratio: if there are more than 
1,200 particles per cubic 
centimetre of air, water droplets 
will remain so small that only 
mist is formed. Higher up in 
the sky the haze turns to fine 
ice-powder, which is very 
delicate and evaporates rapidly 
— а process that interrupts 
the circulation between air 
layers and hinders the formation 
of raindrops. 

In regions suffering high levels 
of air pollution, this can lead to 
a potentially deadly cycle: one 
litre of rainwater cleans around 
300,000 litres of air, wrenching 
dirt, dust and gases upwards 
with it. But for the clouds to 
clean the air in this way, it also 
has to rain — too much dust or 
dirt, however, prevents that. С 
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PHOTOS: Shutterstock; A.Wilkens/Inst. für Strómungsforschung; NASA; Corbis (10); PR 
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lead to an agonising death. That’s why they need to be cleaned up Si 
by professionals. But you can never completely get rid of nuclear waste 
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DEEP CLEANING. 


In the French nuclear research centre 
at Fontenay-aux-Roses, a staff member 
has sandblasted the walls to remove 
contaminants. The radioactive particles 
mix with the sand before being 
collected by a special vacuum cleaner. 
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SELF-CONTAINED 


Pressure cleaning sends radioactive 
particles swirling around a 
decontamination chamber. To make sure 
the workers don’t inhale them, they wear a 
self-contained suit with its own air supply. 


0.3 MILLIMETRES OF PROTECTION 


This paper-thin protective suit only prevents radioactive 
particles from penetrating the skin — it is completely powerless 
against the dangerous gamma radiation itself. That's why the 
workers limit their deployment to only a few hours at a time. 
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LABTEST 


Low-level radioactive waste from 
nuclear research institutes is stored in 
these hermetically sealed boxes. 

Employees use the rubber gloves fitted 
to the box to sort the flammable from 
the non-flammable objects. 


These boxes are kept under a light 
vacuum to prevent radioactive 
particles from escaping through 
cracks or leaks — this also pulls the 
L gloves into the interior of the box. 
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This container is filled with highly radioactive 
material — bottles and tools from a nuclear 
research facility. The only way to work in this 


lead-reinforced concrete box is by using 
remote-controlled robotic arms. 


Almost any material can be 
decontaminated. But there is always a bit 
of radioactive waste in granular form that 
needs to be disposed of. This left-over 
waste is sealed in special drums and 
taken to a permanent disposal site. 


Y 
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LABTEST 


TEST PROCESS 


A researcher monitors the heart 
rate, breathing speed and blood 
pressure of a test subject in a 
protective suit. A suit will not be 
used until it meets all of the 
necessary requirements. 


z 
1 


". 
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~~ Researchers want to find out if the protective suit hinders 
workers under extreme conditions. To test this, a volunteer 
runs on a treadmill while wearing a suit. At the same time, 
the temperature inside the chamber is increased. 
i 


* us OVERHEATING 


This protective suit has two layers. 
E i ) Air circulates between the layers, 


giving the suit a puffy appearance. 
This keeps the hermetically sealed 
suit cool enough for workers to 
carry out decontamination in hot 
conditions as well as cool ones. 
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ustralia is one of the few 
developed nations to shun 
nuclear power, but 
overseas it’s a different 
story. In the UK, for 
example, there are 
currently 16 nuclear 
reactors operating, all but 
one of which are scheduled to close by 2023. The 
one survivor, Sizewell B, will then be joined by a 
smaller number of new generation plants. 
Depending on the reactor type, dismantling can 
generate 4,000 tonnes of radioactive waste. Workers 
wearing special suits spend years decontaminating 
walls, floors and machines. But what is the most 
efficient way to remove dangerous radiation from 
the rubble and steel? How are the workers 
protected? Can everything be decontaminated? 


At nuclear reprocessing sites, decontamination units 
are responsible for removing and treating radioactive 
components and waste. These include the steel 
supports and concrete walls of decommissioned 
power plants as well as radioactive substances from 
scientific institutions and medical laboratories. 

The method of treatment varies depending on the 
level of contamination and the object in question. 
Chemical and biological waste is worked on as well 
as radioactive substances. But it’s nuclear 
contamination that provides the biggest challenge. 
You can burn 100% of chemical or biological waste, 
but with nuclear waste there's always some residual 
matter that needs to be stored in a permanent 
disposal site — for as long as several thousand years. 

It might sound far-fetched, but even though 
atomic waste is virtually indestructible, sometimes a 
simple shower is all that’s needed to decontaminate 
it. The reason: water is an excellent solvent. This is 
due in part to its simple atomic structure with two 
hydrogen atoms and an oxygen atom. Water traps 
the so-called radionuclides, the smallest radioactive 
particles on the surface of an object that continue to 
emit radiation. Using a high-pressure water jet, 
then, impurities are washed off an object. 

You can remove radioactive ‘dirt’ the same way 
you clean your house — with a mop and some water. 
But unlike housecleaning, this radioactive 
wastewater can’t go down the drain. And because 
the pressure washers spray the radionuclides all 
over the place, this kind of decontamination has to 
take place in specially sealed rooms. Here, workers 


have to wear protective suits and oxygen 
masks. The main goal is to prevent “carry-over 
contamination” — the transferring of radionuclides 
to other surfaces. It’s easy to contain the nuclides 
inside these sealed rooms, but if they escape into 
the environment, decontamination becomes a lot 
more difficult — huge amounts of contaminated 
soil and plants would need to be removed and 
incinerated in special laboratories. Any materials 
that cannot simply be washed off have to be burned 
at temperatures of at least 800°C. High-tech filters 
are used to purify the emissions and the remaining 
ash and slag then processed for long-term disposal. 
That leaves one last thing to be decontaminated: 
the workwear, including underwear. These undergo 
a series of washes in a special machine, with 
radiation detectors monitoring their condition until 
they are no longer contaminated. Meanwhile, the 
radioactive wastewater by-product is treated 
separately. The contaminated liquid is evaporated 
in a huge distillator, leaving behind a radioactive 
mud called evaporator concentrate. When moisture 
is extracted from this concentrate, it becomes 
a solid granulate, which is sealed in drums and 
taken to a permanent disposal site. This is because 
the radionuclides keep emitting radiation, even 
though everything else has been decontaminated. 


When Reactor 4 of the Chernobyl nuclear power 

plant exploded on 26th April 1986, trillions of 

radionuclides spread as far as 32 kilometres away. 

A radioactive cloud of dust hovered like a veil 

over the neighbouring city of Pripyat. At the 

time, experts were convinced that the city 

would be contaminated for decades to come. 
Meteorologist Wolfgang Raskob visited the death 

zone in 2013 — and was surprised to find that much 

of the city had been sufficiently decontaminated so 

as to be rendered safe. “The radioactivity decreased 

significantly after they treated the buildings and 

streets with high-pressure washers,” he says. 
Amazingly, people can now visit the city and 

suffer no ill-effects — something that can’t be 

said for the surrounding forest. There, deadly 

radionuclides are trapped in the soil. “There’s 

only one solution here and that’s to remove the 

top five centimetres of soil,” says Raskob. That 

would mean digging out millions of cubic metres 

of contaminated dirt. Decontamination on that scale 

is virtually impossible, so Pripyat remains a safe 

oasis — right in the middle of the death zone. m 
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This GEnx aircraft engine has 
just completed a test. During 
testing, cameras shoot 500 


photos per second, recording 


TOO COLD ror ios 
AIRCRAFT ENGINE 


At an altitude of between 10,000 and 12,000 metres, every square centimetre of 
an aircraft’s exterior must withstand harsh conditions — particularly during rough 
weather. But how can we test an aircraft’s reaction to extreme conditions such as 
storms or hurricanes without putting people’s lives at risk? 

That's where General Electric’s Aviation Division, based in Winnipeg, comes in... 
The experts at this flight-safety laboratory put aircraft engines to the ultimate tes 
simulating realistic flight conditions at ambient temperatures as low as minus 
A 6.4-metre-wide fan can simulate hailstorms or gale-force winds of up to 100km/ 
And when the 125 nozzles installed in the fan start spraying water droplets into 
the ice-cold wind, a cloud forms and pelts the engine with sleet and hail. 

Compared with the storm test, meanwhile, the bird strike test is a walk in the 
park: engineers throw dead birds into the engine to see if it sustains any damage. — — 
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DO YOU HAVE A QUESTION FOR OUR TEAM OF EXPERTS? | 
Simply send us an email with ‘Questions and Answers’ in the subject line 
to worldofknowledgeGbauer-media.com.au 


100KM/H WINDS 

In this wind tunnel, seven 
high-powered fans create 
gales with speeds of up to 
100km/h. The tunnel is also 
equipped with a huge ring of 
lights, for night-time tests. 


PERFECT CONDITIONS 
The ambient temperature in 
Winnipeg stays below freezing 
for at least 50 days of the year 
— the perfect conditions for 
testing aircraft engines. 


THE HEFT FACTOR 

When it comes to sheer 
weightlifting power, ants 
trump even pack animals 
such as elephants. This 
diagram depicts their power 
relative to their body weight. 


Ant 
5,000x 


Gorilla 
Elephant 10x 
1.5x 
Leopard 
Human 2.5х 
1.2х 


Everybody knows that ants can carry their own body weight several 
thousand times over, but only recently did a group of US engineers 
finally figure out how they achieve this. Ants possess three anatomical 
advantages. Firstly, with a body weight of just five milligrams, ants are 
very light. Unlike humans, they don’t need much muscular might to 
keep themselves upright, and so can focus all their strength on carrying 
loads. Secondly, each part of the joint that connects the head, neck 

and chest is covered in a different material. “This may regulate the way 
that the soft tissue and the hard exoskeleton come together,” explains 
Professor Carlos Castro. Thirdly, the head-neck-chest joint of an ant 

is designed with a gradual transition between the soft material of the 
neck and the hard material of the head, making its neck a high-powered 
lifting machine. Ants can lift up to 5,000 times their own body weight; 
by contrast, elephants can manage only 1.5 times their body weight. 
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QUESTIONS & ANSWERS 


In July 2013, Luca Parmitano was floating 
400,000 metres above the ocean — and yet ` 
he nearly drowned. To combat the extreme = 
heat created by solar radiation, spacesuits 
are kept cool using a system of water lines. 
But something went wrong in Parmitano’s 
suit: one of the filters in the cooling system 
became clogged, and instead of pumping 
water throughout the suit, it flowed into the 
helmet. And thanks to zero gravity, that 
water formed into a large bubble that rolled 
over Parmitano's ears, eyes and nose and _ 
stayed there. Barely able to see or hear, the 
astronaut felt his way back to the airlock. 

He scrambled his way to safety just 

moments before the water in his helmet 
reached his mouth. NASA has since put all 
non-emergency spacewalks on hold while 
they investigate the spacesuits’ defect. 


Can plants die 
from cancer? 


Viruses, bacteria and parasites 
— they can all cause cancer 

in plants. But the ‘Big C’ isn’t 
necessarily fatal for flora, for 
two reasons. Firstly, cancer 
doesn’t metastasise in plants, as 
they have no bloodstream, and 
plant cells don’t move around 
because they’re held in place 
by cell walls. A tumour may 
develop, but it'll be contained 

in one particular area and $ y 
the rest of the organism will 
continue to operate as usual. 
And secondly, all of a plant's A 

vital organs can Бе regenerated. p. X 
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contrast, contains iron-rich red haemoglobin. 


millilitres of blue blood flows through a horseshoe 

crab (see top right, opposite page). It gets its colour 
from a copper-rich pigment called haemocyanin that " 
transports oxygen to the crab’s blood. Our blood, by A 


What do soap bubbles 
tell us about cyclones? 


Cyclones move extremely quickly, and are capable of changing 
direction, very suddenly, at any moment. Even the world’s top 
weather experts struggle to make accurate cyclone forecasts. 
But the humble soap bubble may be able to change all that. 
According to French scientists, if you heat a half soap-bubble 
from beneath, it creates vortex patterns similar to those in the 
Earth’s atmosphere. These could help us to predict cyclones. 
In the future, soap bubbles could be used to calculate factors 
such as a cyclone’s speed, and the intensity and duration 

of a storm, because soap bubbles allow scientists to analyse 
how storms accelerate, and at what point they peak. 


(2) 


© 


О, 


guestions about lava 


Translated from the Italian, lava means “stream caused by sudden 
rain" — although it probably wouldn't be a good idea to go swimming 
in this stream of silica, aluminium, potassium, sodium, magnesium, 
calcium, iron, phosphorous, titanium and water. Flowing lava can 
reach temperatures as high as 1,200?C. 


Magma is melted rock that's found in the Earth's mantle and crust, 
reaching temperatures upwards of 1,500°C. Magma can only be 
classed as lava once it rises to the Earth's surface and cools during 
a volcanic eruption. 


That depends on four factors: the amount of lava, the gradient of the 
slope, the thermal loss on the surface and the consistency of the 
lava. Viscous lava flows downhill at speeds of 10 to 100 metres per 
hour. During a volcanic eruption on Hawaii, one of the lava streams 
reportedly flowed at a speed of 62km/h. 


When lava possessing a water content lower than 3% cools down 
very quickly after an eruption, it hardens into obsidian. This volcanic 
glass ranges from dark green to black in colour. 


When water hits a fast-flowing lava stream, it evaporates on contact, 
and only manages to cool the lava's surface. The lava on the inside 
remains hot and continues to flow. It's impossible to completely stop 
lava from flowing, but volcano experts will sometimes dig diversion 
ditches, so they can at least redirect the scorching-hot stream. 


If water vapour and carbon dioxide produce lava foam during an 
eruption, that foam will harden into pumice stone when it cools. 
Pumice, a very porous material, has such low density that it floats. 


Scientists at Syracuse University are searching for ways to keep lava 


streams in check. They produce artificial lava for their experiments by 


melting basaltic rock at a temperature of 1,600°C. That takes time — 
they need four to six hours to make half a tonne of lava. 


y 


PHOTOS: Noah Kalina; NASA; Getty Images (2); Corbis; PR (2). ILLUSTRATION: wdw-Grafik 


` D Г = < 
E ш a 4 
7 2 


Can you milk crabs? 


It’s blue and saves millions of lives. Horseshoe crab blood 
costs around $16,000 per litre, and it’s taken from these 
anthropoids via forced blood donation, once a year. But why? 
The crab’s blue blood contains proteins called amoebocytes 
that can be used to detect contamination in medicines. The 
test is extremely precise: the moment the blood comes into 
contact with bacteria, it forms a blood clot, a mechanism 
deployed by the horseshoe crab to prevent infection. 


How good is the human 
sense of smell? 


Until recently, experts believed 

that humans could only distinguish 
between 10,000 different odours. 
“That number is laughably low," 
says US neurobiologist Leslie 
Vosshall. “We thought that humans 
had a very weak sense of smell.” 
However, Vosshall discovered that 
we Can, in fact, tell the difference 
between as many as one trillion 
different odours. She tested her 
hypothesis by mixing 128 odours 
into hundreds of combinations. Test 
subjects were asked to smell three 
different odours. Two were identical; 
the subject had to spot the odd 

one out. The result: even when that 
odour was only very slightly different 
from the others, test subjects were 
still able to identify it. 
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W H A i A R E Look - there! What is that? The small, indignant owl 
stretches its neck and focuses its large eyes on this 


pesky intruder, sitting just a few feet from its burrow. 
Feeling a little ruffled, the owl takes a deep breath and 
emits a barely audible hoot. The intruder stays put, and so the 
owl reaches for the other weapon in its arsenal: the stare. A 
burrowing owl can stare at a foe for hours on end, combining 
9 its fierce gaze with tiny shudders of disgust, as if simply 
LOOKING AT = laying eyes on the enemy makes it nauseous. And make no 
mistake, this miffed bird suffers a constant stream of 
Burrowi ng owls are not like other birds. They intruders: fluttering plastic bags, abandoned footballs, that 
rock that the ом could swear wasn’t there yesterday... 


| nest underground, are terrible at flying, and 


battle enemies by si ply staring ti i} dowr 
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PHOTOS: Picture Press; Burrard-Lucas/Animal Press 
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You get the idea: burrowing owls are ‘different’. Instead ungainly, it can also prove extremely dangerous. As a result, 
of nesting in hollow trees like other owls, they hole up in the birds usually hunt on foot. 
abandoned burrows, obsessively lining them with feathers, Burrowing owls aren’t masters of intimidation. Aside from 
as they can’t stand to sully their plumage with dirt. It doesn’t their feeble hoot, they are able to hiss like a rattlesnake, 
seem to bother them, squatting in the discarded home of a sound intended to scare off foes. As they only ever use this 
another animal. Burrowing owls will make the place their own call from deep within the safety of their own burrows, 
by paving the entrance with cow dung. This attracts insects, however, this theory is never put to the test. 
so if the owl doesn’t feel like venturing out into the big, bad №5 anyone’s guess how this eccentric bird has attained one 
world, it can simply feast on the plentiful bugs crawling of the largest breeding areas of its species, stretching from 
across its welcome mat. North America all the way down to Cape Horn. It seems the 
Flying, however, is not a good idea, as the burrowing owl’s many nuisances in the highly strung bird’s life gives it a 
wings beat in an irregular pattern. Not only does this look distinct advantage, by keeping the fire in its belly lit. J 
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next month... 


THE DAY THE 
WAR WAS WON 


Seventy years ago, on 6th June 1944, the largest 
seaborne invasion in history took place on the 
beaches of northern France. But preparations for 
D-Day had begun a year before — with one of the 
greatest military deceptions ever seen... 
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Do mobile phones \ 
cause cancer? Can 
Coca-Cola destroy 
your muscles? And 
how much does a 
coma patient really 
understand? 

World of Knowledge 
uncovers what 
doctors aren't 
telling you... 


On sale September 22 
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ENJOY FREE SHIPPING 
AND 21 DAY RISK-FREE 
TRIAL WHEN YOU BUY 
DIRECTLY FROM BOSE® 


Enjoy all your favourite music - instantly and wirelessly. 


Now you can listen to your CDs, MP3s, DAB+/AM/FM radio, 

Pandora? and other Internet radio all from one system. And with six 

= M programmable presets, you can hear your favourite playlists, albums 
' or stations — wherever they аге — at the touch of a button. Small 
enough to fit in any room in your house and powerful enough to fill it 
with lifelike sound, the Wave® SoundTouch" connects to your existing 


* SoundTouch’ F T vm 
Wave O U n OUC Y home Wi-Fi? network, so no extra equipment is necessary to stream 


your music. Try it risk-free* for 21 days. Listening to your music has 


music system never been simpler —or better. To order, call or visit us online today. 
Call FREE on 1800 758 772 Buy online at the official Bose site See, hear and buy at a Bose store 
quoting WSTO23 www.bose.com.au Call 13 BOSE (2673) for your 
(Open 7 days 8:00am until 8:00pm AEST) nearest Bose store 


BOSE STORES: WESTFIELD SYDNEY - WESTFIELD BONDI JUNCTION - WESTFIELD PENRITH - DFO HOMEBUSH - NEUTRAL ВАУ - CHERMSIDE 
CARINDALE - INDOOROOPILLY - CANBERRA * EMPORIUM MELBOURNE - CAMBERWELL - MELBOURNE СПУ - ST KILDA - ADELAIDE - SUBIACO 


©2014 Bose Corporation. *21 day risk-free trial and free shipping refers to purchases made by phoning 1800 758 772, via www.bose.com.au or from a Bose store. The distinctive designs of the Wave? music 
system and wireless note are trademarks of Bose Corporation. Pandora is a registered trademark of Pandora Media, Inc. Wi-Fi is a registered mark of the Wi-Fi Alliance. А home Wi-Fi network and Internet 
access are required. Shown in Titanium Silver. Also available in Graphite Grey. 


